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PREFACE TO SECOND Ei:)ITION 


Tins edition is a reprint of the first in response to a continuous 
demand for tlie book/ The matter, consisting as it doen 
largely of records, does not call for any revision, and, as a 
contribution to the development of theory, any particular 
interest whicli it has is associated with tlio date at whicli it 
was written, 

The volume which has since aj)()(‘ure(l is the sequel, and 
aims at an exposition of the suhjccL date**, 






PREFACE 


This volume, which is inlendccl as a siipplement to the work 
which wc published in 1895, gives a bricfacoount of researches 
which have been subsequcnlly publislied, us well as of ecrlain 
of our own investigations, the results of which are now for the 
first time recorded. 

We have not atlemi>tod to give the suhject-iuuller the form 
of a connected record, The contrihulions to the study of 
* Cellulose * wliich arc noticed are spread over a largo area, are 
mostly *scclionar in their aim, and the only cohesion which 
we can give them is that of classifying them according to the 
plan of our original work. Their sul)ject-matter is reproduced 
in the form of a/;'dV/>, as much condensed as possible; of the 
more important papers the original title is given. In all oases 
we have endeavoured to reproduce the Author’s main con- 
clusions, and in most cases without comment or criticism, 

Specialists will note that the basis of investigation is still 
in a great measure empirical ; and of this the most obvious 
criterion is the confusion attaching to the use of the very 
word * Cellulose.' This is duo to various causes, one of which 
is the curious specialisation of the term In Germany as the 
limited equivalent of ^ wood cellulose,’ The restriction of this 
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vlii Cellulose 

general or group term has had an influence even in scienti! 
circles. Another influence preventing the recognition of tl 
obvious and, as we think, inevitable basis of classification 
the ^celluloses* is the empiricism of the methods of agrici 
tural chemistry, which as regards cellulose are so far chic 
concerned with its negative characteristics and the analytic 
determination of the indigestible residue of fodder plan 
Physiologists, again, have their own views and methods 
dealing with cellulose, and have hitherto had but little rega 
to the work of the chemist in diflerentialing and classify! 
the celluloses on a systematic basis, There arc many sicl 
to the subject, and it is only by a sustained effort lowar 
centralisation that the general recognition of a systematic ba 
can be secured, 

We may, we hope usefully, direct attention to tho cc 
spicuous neglect of the subject in this country. To the mat 
of the present volume, excluding our own investigations, tin 
are but two contributions from English laboratories, Wc inv 
the younger generation of students of chemistry to moast 
the probability of finding a working career in connccti 
with the cellulose industries, They will not find this in 
tation in the treatment accorded to the subject in text-boe 
and lectures. It is probable, indeed, that the impress! 
produced by their studies is that the industries in coal- 
products largely exceed in importance those of which 1 
carbohydrates are the basis ; whereas the former are qu 
insignificant by comparison, A little reflection will pre 
that cellulose, starch, and sugar arc of vast indusl 
moment in the order in which they are mentioned. If ii 



Preface 


ix 


an open question to what extent science follows incUistry, or 
vice veesUf it is not open to doubt that scienlifie tuen, and 
especially chemists, arc called in these clays to lead and follow 
where industrial evolution is most active, 'J'hen) is ample 
evidence of activity and great expansion in tlui celUilosti 
industiies, especially in those which involve the chemistry of 
the raw material; and the present volume should serve to 
show that there is rapid advance in the science of tlie subject, 
Hence our appeal to the workers not to neglect those oi)j)(>r- 
tunities which belong to the clays of small beginnings. 

We have especially to acknowledge the services of Mr, J, 
Buiggs in investigations which are recumled on pp, 3^1 and 
pp, i 2S"I33 dm text. 
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CELLULOSli 

INTKOIlUC'l'ION 

In Ihu period i895-i{;oo, which hiis (‘lapsi'd since* ihci orij^iind 
publication of our work on ^ (kslhilosc/ tluTi* have iip|uuui*d u 
lar^o nuinlKii of publu'ations dcating with special |)oints in 
the clieniislry ol eelliiloi!o, So hiVKO has be(*n die eontiiliution 
of matter that it has been (’onsi(l(*U'<l o[)poilune to pass it 
under review; and the present voinmi*, Uikint^ lla* hn'in oj a 
supplement to the oiaginal work, is designed lo ineorpoiali* 
this new matter and bring thes subject us a whole to the levid 
to which it is thereby to be raised, Soim* of our eriiies in 
reviewing tin* oiiginal work have pnmmmta'd it Mnc lauUe,’ 
J‘‘or this there are some explanations inherent in llie nuiLtt'r 
itsell* It must be remembered that every H[ieeiu! ]>rovin(‘e 
of the scneiK'e has its systematic Injginnijig, and in that sluge 
of evolution makes a temporary Maw unto itscH? In the 
absence of a dominating theory or gimerulisation which, when 
adopted, gives it an organic conn<!Ction with the general utl- 
vance of the science, there is no other course than to classify 
the subject-matter, Thus Mhe carbohydrates’ may be said to 
have been in the inchoate condition, (pmlilied hy a certuin 
classification, piior to the pioneering invesiigalions o( Inseher, 
Jn attacking the already acciuniilated and so far classifitd 
material from the point of view of a dominaling th(‘oiy, luj 

found not only that the material fell into syslenuiiic order 
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uimI i^Mtw mpiilly un<lri* l]u^ stimulus of rruitful inv(*sliga 
Iml in turn c*oiiU’ilmU;(l to tlu* (hnuT osUihlislnmuit of 
th(‘orrlioal viuws to \vh\r\\ llu5 suhjcol o\v(*(l its syston 
now Imilh On Iho (»tlun* liiiiul, ovury clu inist knows that 
only tiu) siinphn’ of Llu^ (*url)ohy<lraUfs which uns so i 
vhlimlisrcl as to Ik* (’onnoicd hy u parliciilai hunuila in 
stcrcijisoincric system, l.cavinj^ tlui monoM‘S, lluins is <!V 
(Inula UM to the constitution of caiut suj^ar; and llu! <jlcn) 
of unc(ilainty thicken as we ap[)roa(*h llu* (pu^stion of 
clu'ini(,al slnu'tiin! of slarcln 'I’his iini(in(* product of | 
lild has a liu*rature of its own, and how lillltj of this is 
hnown to what we may iisiu the Mivenige ehemisi' is secj 
the nu'lhods he will employ for its (juaiuitalive estinml 
In oiu' |)arli(mlar revicjw of our work wlu‘re wc are takei 
task On’ producing Oin aggravating hook, inchoattj in 
higlu’St degret^ . . , disfigureil by an obscurity of die 
which must nialeiially diminish its iisdulnisss * | ‘ Nati 
THg 7 , |). a/|i|, th(* author, who is a well-known and c 
pcUsit ciilitJ, makes use of tlus short (‘X[)iuHHion in lej. 
to llu^ nun’^t compl<‘X curhohydrat(*s, ‘Alum^ (‘une sii 
higher in llu^ sc'ries, all is <‘haos,' and in iefcrenc(; to sla 
Mhc subject is Mill t*nshrou(l(ul in myst(!ry.’ 'This ‘ iuaUs 
complexity is at its maximum with llut most comi)Ic\ mcnil 
of ilu} sd'ies, wtii<‘h an* llu* (’ellul()scs, and wc* think ats’oi 
in pari (or {\\e impati(‘nce of our critic. ' OlmcMirily of dieli 
is a piSHoiial (|uuntity, and we must leave llml ciilicism to 
|{it('s. We find also that many workers whtwt; puhlicalions 
\U)\\ve ill this present volume (juite ignore th(; /f/a/i (^f 
work, llaaigh they make use of its matter. We think it lus 
sary to reslale this plan, which, w(5 are satisfied, is sysiemi 
and, in fact, inevitable, (killuloHo is in llie first instanc 
siniciun, and the anatomical relationships supply a cer 
basis of clussilicution. Next, it is known to us and is defi 
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by the negative characlcristics of resistance to liydvolyllc actions 
and oxidations. These are dealt with in the order of their 
intensity. Next we have the more positive definition hy 
ultimate products of hydrolysis, so ftir as they are known, 
which discloses more particularly the presence of a grcsiter or 
less proportion of fmfurahyiclding groups. Putting all tlufse 
together as criteria of function and composition we find they 
supply common or general dividing lines, within which groups 
of these products are contained. 'I’he (’lassifieation is natural, 
and in that sense inevitable; and it not only groups 
physiological and chemical facts, hut the industrial also, We 
do not propose to argue the (lueslion whether llie latter adds 
any cogency to a scientific scheme, We are satisfied that it 
does, and we do not find any necessity to ex<du(le a partidilar 
set of pheiumicim from (lonsideralion, l)eniuse they involve 
* commercial ' faclois. We liavti derail with this (jlasHifastlion 
in the original work (p, 78), and wi* discuss its t'sscnlial liasis 
in the present volume (p, 2H) in (’onneclion with iUo (hdinilion 
of a ' nonnar cellulose. HiU the * normal ' cellulose is not the 
only cellulose, any more than a [)rimary akxihol or an aliphatic 
alcohol arc the only alcohols. This point is confused or 
ignored in several of the recent contributions of inv(j>ligators, 
It will suffice to cite one ol these in illustration. On p, ifi 
we give an account of an investigation of tluj several methods 
of estimating cellulose, whiclv is full of valnahle and inlcfr- 
esting matter. 'I'he purpose of the aiillior's elal)orule com- 
parative study is to decide which has th<} strongest claims 
to be regarded as the ^standa^c^ method. 'I'licy ai)p<‘ar 
to have a preference for the method of bange— viz. that 
of hcaiiiig at high temperatures (t8o") with alkaline hydrates, 
but the investigation shows that (as we had definitely .slated 
in our original work, [h 214) this is subject lo large ujkI 
variable errors, The adverse judgment of the authors, we may 
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ptiiiu tMU, is riuii\*ly tUilt-rniinisl ow Hkj (|U(‘sli(>)i of 
woinlit or yield, and wilhnat ir(er(‘Mn‘ to llu; ultimulo com 
sition or consliiulion of the linid product. Ninu; of 
availidilr crilcrk inv a[)plicd to dm prodml Lo detern 
wliclhcr it is a cellulose, (unhydridt*) or a hydKit(? or a hyt 
ly'icd pHKhici. Ait(T thi‘M<* alkali "fusion pnx’csscs lh(! met 
o\ chlorination is experimentally reviewed and disniisstsl 
the h‘asini that the product letains ruii’uial-yiclding groi 
which is, fioin «>ur point t»f view, a partitailar r(!C(MUMU‘ndat 
i,e. is evith nee (»!' the seleclivt* ai tion of the chlorine mid ^ 
seqmstt !iy<holysis upon llie lignone |troii[i, As a nialUs 
lari it is the only method yet uvailahlc foi isokilinp; the cii 
lose from a li^pjoeellulose hy a treatment whk'li is (|nantilati' 
to lie aecoulUisI tor in evsTy d(‘Uiil of the reactioiiH, Ji < 
nnl yield a * nornmr <‘ellulose, and this is the express 
whieh, in oiir opinion, the authors should have use<l. JIsIk 
havt* luM ii pointed out, morismT, that, as thi? eellulosc 
M*(>arahtd from aduiil condisised eomhinution wifli the lijj;n 
Ip'oups, it may he expected Uj In? nl)Luiiu*d in a hydraUsl (o 
ami also not as a homofr(<ncsms suhstamat lile* llu: nor 
cotton lelhilose, 1‘he product is a {Hillulose of the se(s 
p,roup ol the classiljcatiom Another point in this invest 
lion wliieli we mtiHt cailieist! is tin; ullimah; sehs'tion ot 
Sc}ml/(‘ nu'lhod of prcdoof^itd macisation with nitri(' ixvUl i 
a c'hlorati*, lolliiwed hy suitaiile hydrolysis of tluj non-c’cllul 
d(-rivatives to soluhli' pnidu(*ls, Apart iVtini its exee|)tk 
incojivenmnce, nmdiuing it cpiite impraetieulile in lahorato 
whieli iivo eoncitriusl with the valuation of ceilulosk^ 
materials lor industrial pmjioses, the utUu^k of the rea^^csi 
<annplex uiul ill-dcfincti. 'riiis {:rili(‘iHni we woidd ni 
giSHsal hy pf>inting out llmt such piocesses tpiih! i|j;nort! 
Hjjet*in(* charaeterislicH of the mm-celUilose comiioneiUs of 
eompoiuul cclluluHcs. 'riie secund division of the plan of 
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work was to do fine these consliixiciUs by brinpiing toge tiler all tliut 
bad lieen established eonrerning them, d'hese groups are widely 
cliveigenL in chemieal chavaeier, asaic ib(! comiJoiind (udluloseH 
in function in the plant. (kinsecpiently there is for each a 
special method of attack, and it is a i eversion to inire isni)!!!- 
cism to expect any one treatment to act e( pi ally on tin 5 piH‘lo- 
celliilosos, lignocellulosesi and cutocellii loses, Pnx'osses o( 
isolating cellulose are really more stiictly defined as methods 
of sclc('tive and regulated attack of the groups with which they 
occur, combined or mixed, A t'heiiiisl (amiliar with siieii 
types as rhea or ramie (pectoetdiulose), jute (ligno('(dlult»si‘), 
and rafiia ((aitoceilulose) knows cxiualy the spe<*ific in'alimsU 
to atpily to each for isolating the ('el Ui lose, and iniist view with 
some surprise the a[)pearanee at this daltj of siK'h 'universal 
prescriptions' as tlie proc'css in (piestion. 

The third division of our plan of arrungeimsU ('onipiised 
the synlhetieal derivatives of Uuj (’elluloses, thi’ sulphocurlK)- 
' jiates first, as [H‘euliarly characteristm, and then the (‘sUu’.s, 
(’hiefly Uie acetates, hen/>oales, and nitrates, 'I'o llu'sc', 
investigators appear to luiv(; devoted hui litlle atteiuitai, and 
tile contribution of new matter in tlm piesent volume is 
mainly the result of our own ivseaiches. ft will ap[)ciir from 
this work that an exhaustivcj study of the (’ulliilohu esters 
promises to assist very definitely in the stiidy of constiiulional 
tirolilems, 

This brings us to the foiinh and, to tluj iheondieal 
(jhemist, the most important aspect of thti siil)j('('t, i1h‘ [irohlein 
of the actual molecular striicUire of the celluloses and com- 
pound celluloses. It is herein we are of opinion that the 
subject makes a ' law unto itself,' If the constitution of 
starch is shrouded in mystery and can only Ikj vaguely (ex- 
pressed by generalising a complex mass of statistics of its 
successive hydrolyses, we cun only still more vaguely guess at 
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Uir (listuiH'r wliit'h .Mt’junUrH iis fnnn ii niniliil pidinv of 
i riliilusi? iiiiil, \Vi* rmh*uv(Hir tf> sbusv hy our iaUr invt'sli 
(iniui ihut Uii^i pnililt'in into lhal <if lla* ik LuuI siriuil 

n| rrlluln*.r in thr nmss. Il is (h^linilrly asi ialaiius) thai 

ill llir Iiiuhs iih*, nr n-arlini;; nnil, of a nilhilosif, p 
pinaiiiimtrly allri ts tho sirurlural propi'rti<‘.s of iho (Um 
i ninpniiml's both Milpliorarljonalrs and (’sUas, This is 
Itasi an indiralion ilial [hr. propt'rtii‘s of ihn visihlr agi^nvgu 
an* tliha ily ivlatftt In tluMiolual I’onnKUi'iHion the cluiini 
unil’i. Hill it appivus lhal wv an? harnal from llu; pi cm 
liisi u’isinii ol "'iirli a prohinn in uliM‘niH‘ of any llmory of t 
Miliil sialf- Krnrrally, tail mon* parlii'ularly of ihoso forms 
iiiallrr whinli uio i^mnprd lo|^rllu*r as * colloids,' 

{VlliilosiT is disiin^piishcd hy its inhciHsit constuu^ti 
fiinrlions, and Uh'sc fnnriions lake (‘ffci't in th(5 plusiic 
colloidal condition of the sulistaiK’u, 'I'Iuho |}roi)cjrlic‘S a 
cipially < imspicuons in ilic syiuhciii^al diaivalivcs of ihc I'oi 
(lound. Wilhoul nd'crcnci^ ihcrcfori*, lo further spcoiilalioi 
and mu di icrrcd hy any apparent hopclcsMicss of solvinj^ 
lar^'c u laolilcin, it is <*lcai' that \\v. havi- to c\Iulusi this lie 
hy rsacl inrasiiif'imails of all the i‘onsiants which <:an In' r 
iluccd In lUnncriiNil evpression, It is most lilody that tl 
isMHMnay conllici with honicofmir current views of Uk‘ mol 
cniar slate wliic‘h an* lurf^ely drawn from a study oi tl 
reliuively dissormtcil forms ol mailer. Ihil sii<‘h conflicts a 
only those of enlaiKemcnl, and we unlieipalo limt idl ehemih 
look for an enlargumciu of ihe molciailar horixmi [)ui<‘isoly 
those I’e^poits wliuiH‘ tluf foi'i’cs ol <*(jll-lifc manliest llusnsulvc 
U'lie heni fiiuln'r didiS'enlialed hy lati 

invesiigiUioiis. 'I'lui lihroiis celluloses of winch the typic 
ineiiihers rcivivi? iiiMHirlunt industiial uiiplmalions, [^rufliialo t 
insensihitj slaj^us Into ihu hcinmclluloscs which may 1 
ivftardcil as a well-eslulilKhcd suli-group, In considcrin 
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ihtih' moi‘[)l'i()l()gical and lunclioiial rclalionships it is i*vid4M\l 
that th(3 giacUuuion a(x:()i*cls witli thuir strurliuxj uiul Lln' U'ss 
pcnmncnL funclmns wlii(jh they fullll, Tlioy aixj aggiogaus 
of monoKos of iht) various types, chiefly nuumose, galactose, 
dextrose, &c., >so far us they havtj been investiguual. 

Cflosely connected with this group are the constituents of 
the tissues of fungi. The recent ivs(‘an!hes of WinU*rslc;in and 
C bison, whi('ii are in)ted in this pn^sent vcflimie, have (‘Sla- 
"Ijlished definlLoly that they contain a nilrogiuious group in 
intimate eomhinution with a carbohydrate complex, 'riiis 
group is (dosuly related to chilin, yielding ghu^osamin and 
aeelic acid as products of ultiinale hydro!y,sis, Spe<‘iul interest 
attaches to liiese residues, us they are in a sense iiUenni'diiUe 
[)rodu(‘ts between tins great groups of the catbohydvatt‘S and 
[)roteids (K. Idscher, Her, k;, 1920), and their furtiter investi- 
gation by ifliysiological nuahods may t)e expetHed to dischtscj 
a gemdic ('oiunsdion. 

The li\iinocettuloscs have been further investigated, Oerlain 
new types have been added, notably a solul)l(^ or ^pe<ai(‘’ 
form isolated from (he jume of the while currant (js 155?), and 
the i)ith-lil<e wood of iIkj /I<scliynomene (p, r35), 

hurltier rtjsixirchos on the typii’al flbrims lignoeelhilose 
have given us a l>asis (or correcting sonuj of the (’onclusiuns 
re(iorded in our original work, and a study of the eshTs has 
thrown someiighl on Lite eonstiuuion of the (’(unplex (p. 130). 

Of iniportuncc also is the identification of the hydioxy- 
furfuuils as constituents of tlie lignocelhiloses generally, and 
the [)ioof that the chaiacteristic colour-reactions with phenols 
(phlorogludnol) may be ascribed to the presence of these com- 
pounds (p. 116). 

peciocciiuioses have not been the sut)jecL of sysicnuitic 
(dicmical investigation, but the researches of Oilson (M.a 
(>rislallisution do la Cellulose et la Compusition ()hinn<[ue tie 
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Ja Mumbivimj Ccllulaiio Vcp[L‘kiU‘/ * La K(‘Viic/ ' I.a ( IclIuK*,’ i\ i: 
aio an impoiUuU ccauriluition in llin iuUuimI histnry ol fflluloi- 
tjspodall)' in i(;laii{)n tf) llu* ^ pnciin ’ ('onstitiK‘iUs of iIh‘ 
chymaUnis cdlnlnsns, TndirccLly also iluj ri*s(‘ui<‘h('s ■ 
Tollans on tliu ^poolins’ havi* <‘onlnl)nUal to ihu snhjta'l 
correcLinij som(‘ of views whi(‘h hav(! Iiad a Uixl-hot 
ciHToncy for a lon^ jirriod, 'These uie <lealt with on p. 15 
The lusiilLs establish that the pectins are rathd' ibe solnb 
hydrated form of (ajllulosic agf^H‘gates in which ai'id proip 
may bc5 tvj>u‘S(:nted ; but such j^routw an‘ not to Ikj regaidii 
as essentially chara<‘ieiistH^ of this <'lass of (‘oinpounds, 

PupfiimLyioUling SubstaiioeB (Kurfnroids).- -This ^51011 
of plant procliieis has been, l)y lat<fr investigations, more dc 
finitely and exclusively {’onnectecl with tli(i celluloses “-•i.e, will 
the more i)crmanenl of j)lant tissues, hVom the (‘hara<’leristi 
propcUy of yielding furfural, w'hi(’h tliey have in conuium will 
the pentosc‘s, they have been assumed to be the anbydiide 
of thesu (.V, sugars or pentosanes ; but t!u‘ dire(‘i evi(h‘jm(; fo 
this assumption has been shown to l)(5 wanting. In regard u 
their origin the indirect evidences which have iu*(Humilule( 
all point to their forrmilion in llui jdant from h<‘xoses. C) 
special interest, in its bearings on tin’s j)oinl, is tluj direci 
transformation of levulose into furfural derivatives, whic'l’ 
takes jdace under the action of (‘ondcjnsing agcaits. 'The 
most characteristic is that ijrodueed by the action ol anbydiou!' 
hydrobromie acid in piesence of ether [J^entoJi], yielding a 
broinmethyl furfural 

CqUiA) - ^HoO Hllr - fWO^.CllJlr 

with a Jir atom in the methyl groiij). These rc’searclujs of 
FentoiTs appear to us to have the most obvious and direct 
bearings upon the genetic relationships of the plant lurfuroids 
and not only .rc?. To give them their full significance we 
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must rcrall Iho hilcr rc.st‘atvlK*s of lirowii and Morris, whi('h 
L'staldish that oaiie sugar is a priniaiy or din^rt pnxUicl of 
assinulatioii, and thal siardi, which had been assunu'd to ho a 
spc('ios of universal maiihr prcmih'i\ is probably rallau* a 
general rosevvc for th(‘ claboraling wtu'k of ihi* planl. If now 
the aldose groui)s tend to pass over into the slun'l^ lorm, 
representing a iempoiary overllow ja'oduot of l\\v ussiniilaling 
energy, it would apt)i‘ar thal the kotose or levniose gioups are 
pieferenlially used U]) in lia; elaboration of the pt‘inmn(‘nt 
tissue. We must also lak(‘ into consideration the researclit^s 
of Taji)iy cle Hruyn showing the labile fun(‘lions of iht? typii’al 
CO grou[) in l)oth aldost‘S and hexoses, whence w<j may 
conclude that in the j)]ant-<’oll the transition from {lc\Lrt»se 
to levulose is a very simple uiul often oc<’iirring proc(‘SS. 

’We ourselves havt! <'ontri billed a link in this chain ol 
evidence connecting the fiiifuroids of the plant with leviiloHo 
or other Iceto-lu'xose. We have shown that the hydroxy fiir- 
fuials are constiiiumts of the lignoiH?! hi loses. 'The proportiun 
present in the free state is small, and it is not dilfieiilt to show 
that they are produets of breakdown of the lignoiu; gionjis. 
If we assuiiKi that such groujis are derived ultimately Irom 
levulose, we have to account f<»r the iletaehment of the methyl 
group, Tliis, howev(*r, is not diflicull, and we need only cull 
to mind that thii lignoc’elluloses are chanu‘terisi*d by the \)\v 
sence of metlioxy grou[)s and a resiilue whmli is direclly and 
etisily hydrolysed to ai^ela? iwUl, Moreover, llie condensation 
need not be assumed to be a simple dehydration with attendant 
rearrangement; it may very well he ac:companied or precedi’il 
by fixation of oxygen, lasivingout the hypothetical discussion 
of minor variations, there is a niarked tionvergenco ol‘ itui evi- 
dence as to the main facts which eslatilish the general relation- 
ships of the furfuroid group, 'Hiis group includes both 
saturated and unsatuvated or eondensed I’ompoundh, Tbe 
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former aic constiuients of celluloses, the hitler of the lignon 
complex of the ligiiocelluloses. 

The actual production of furfural by boiling wilh con 
clensing acids is a quantilativo measure of only a portion, i.i 
certain members of the group, Tlie hydroxy fur furals, nc 
being volatile, are not measuied in tliis way, by secondur 
reactions they may yield some furfural, but us tluiy are highl 
reactive compounds, and mo->i readily ('onclensed, lluiy iir 
for the most part cojiverted into (’omplex ‘ tarry ' produdj 
Hence wo have no means, as yet, of estimating those lissu 
constituents which yield hydroxyfurfurals ; also mi have n> 
measure of the furfurane-rings existing performed in such ; 
condensed complex as lignone. Hut, chemists having addei 
in the last fews years a large number of facts and welbdelinei 
probabilities, it is clear that the further investigation of tl] 
fmfuroid group will take its stand upoti a much more tule(iuat< 
basis than heretofore, On the view of' furfural-yielding ’ heiuj 
co-extensive with 'pentose or pentosune,' not only were . 
number of important facts obscured or misinterpreted, hii 
there was a barrenness of suggestion of genetic rehitionsiiii)^ 
As the group has been widened very much beyond thes' 
limits, it is clear that if any group term or dosignalicm is to hi 
letained that of ‘furfiiroid’ is 'neutiar in chaiuetiT, am 
equally applicable to saturated sulistaiiees of such widel 
divergent chemical chaiactcr as pentoses, hexosones, glyeuroni' 
acid, and perhaps, most important of all, levulose itself, all o 
which are susceptible of condenj'ation to furfural or fiufurani 
derivatives, ns well as to those unsaturated C(mq)oim<ls 
constituents of plant tissues which are already furfiiram 
derivatives, 

From the chemical point of view such terms are i)erhnp 
superfluous. But physiological relationships have a signifi 
cance of their own ; and there is a physiological or functionn 
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cohesion marking ibis group which calls for rt'('ognilion, at 
least for ihe lime, and we therefore propose to ujlain llu‘ term 
fiirfuroicl.^ 

General Experimental MethodSi— In the invcsiigalinn 
of the cellulose grout) methods of ultimate hy- 

drolysis are of first imporlanci!, None arc so conveniimt us 
those which are based on tlie action of siiliiluiric a<’id, more or 
less concentrated (nySO.|,3fTyC) -HjjH()|]Iy()). Such nuilhods 
have been frctiuenlly employed in the investigations noted in 
this volume. We notice a common deficiency in the inter- 
prelation of the results. It appe^ars to he sullu’iimt to isolate 
and identify a crystalline monose, witlioiil refereniv to the 
yield or proportion to the pan‘nt sulistanee, to eslahlish sonui 
main point in connection with its eonsiilulion, On the other 
hand, it is clear that in hydroly.sing a given cellulose-('oni[)k‘x 
we ought to aim at complete, i.e. quaniHaim^ The 

hydi()lyli(! transformation of starch to <l(?xlrins aiul malUise 
has been followed in this way, and the methods may siu’Vtt us 
a model to which cellulose tmnsfornmlions should he uiijiroNi- 
niated, In fact, what is very nuicli wanU'd is a systematic 
re-examinalion of the ty[m*al (lelluloses in which all the cun- 
stants of the terms hetween ihn original and lh(i nliimale 
moiiose groups shall he diilermined, HiuT eonstaiits aiv 
similar to those for the slunT -dextrose serit^s, vi/.. optieity 
and cupric reduction. Vaiious methods of fraelionulion are 
similarly availabb, chiefly the pretainlalion of the intermediate 
‘ dextrins ’ by alcohol. 

Where the original celluloses are homogisieous we should 
thus obtain transformation series, similarly expresse<! to those 
of starch. In the case of the c'elluloses wliich an; juixlnres, 
or of complex constitution, there are various melliotls ol 

^Iii this we nre coiiHrmad by other wrilers. Hce Tollean, y» fUr 
LamlWi igoi, \\ 27, 
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cither fractionating the oiiginal, or of sck'(’ lively ulta(’kln|: 
pailiciilar nionoscs resulting Irom the transi on nation. \\y 
methods which arc approximately (luantilativc a mixture o 
groups, such as we have, for instance, in jute cc11u1os(j, <ioiil( 
be followed through the several stages of their leholiilion int( 
mo noses. To put the mattei gemmilly, in these (colloidal aiu 
complex carbohydrates the ordinary [)hysu'al (’ritcs’ia of mole- 
culai weight arc wanting. Thorefoic, we cannot deti'rniinc 
the iclationship of a given pioduct of clecoini)osilion to the 
pamnt molecule save by means of a (juanlitalivc mass-propor- 
tiom Physical criteiia are only of determining value when asso- 
ciated with such constants as cupiic reduction, and these, 
again, must be referied to some arbitrary initial weight, su('h 
as, for convenience, loo parts of the original, 

Instead of adopting these methods, without which, as u 
typical case, the mechanism of starch conveisions could not 
have been followed, we have l)een content with a i)urely 
qualitative study of the analogous series ol)lainable from the 
celluloses under the action of suli)hurie acid. A very im- 
poitant lield of investigation lies open, especially to those who 
arc generally familiar with tlio methods of studying stanch 
conversions ; and we may hope in this direction for a series 
of valuable contiibu lions to the pioblem of tlie actual consti- 
tution of the cellulo.ses. 


[norg'anic Constituents 




(p. 3) ^ Asll Ooiistituonts.-^li rri'ipujiUly Uhsi-rU'd 

that silica has a struciuml function sui is in tlu; plant 
slcelciton, having a rclatiojwhip lo the rdlulosu' consliUuaUs <>( 
the plant, cliHlincl from that of the inorganh* ash (‘oniponcnts 
with wliich it is associated. It should Ixf nol(‘(l that llie niiilUT 
has l)ceii speeifically invesiigalod in t\v(^ diietaions. In lierl. 
(k>r, 5, 568 (A. Ladonhnrg), and again in 1 1, 822 (\V, Lang(i), 
appear two pai)evs ‘On tlu: Nature of IMiint Oinistituents (’oii- 
taining Silicon,’ which contain tlu* resulls of c'sperimcntal 
investigations of ejpust'lnm S])ecic‘S— distinguished for llieir 
exceptionally high ‘ash’ with largi: ia<»porli<ni of silica- -to 
determine whether there are any gnniiuts for assuming tlit‘ 
exisL(‘nce of silicon-organic (‘ompfuinds in tlu* iduni, the 
analogues of carbon compounds, The conclusi(jns arrived 
at are entirely negative, in leferetu'c lo ihi: second assump- 
tion that the cuticular tissues of (‘ereal straws, of esparlo, 
of the bamboo, owe their .special proj)ertit*s lo silu'cons com- 
ponents, it has been .shown by direta expeument upon the 
former that their rigidity and resistance to water urti in uo way 
affected by cultivation in a silica-fnje medium, tn other 
words, the structural peculiarities of the graminete in ihuHe 
respects arc duo lo the physical chara('lerislics cliielly of tlie 
(lignined) colls of the hypodermal tissue, and lo tint <*f>nipo- 
sition and arrangement of the ccdls of the ciuielc, 

^ This and other Bimilar refcrencoB aro to the innucr of iho or I (filial 
volmiuj (1895), 
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' Swedish * fiiier papers of modern inalco im so fai freed 
from inorganic constituents that llie weight of the ash may lie 
neglected in nearly all (tiiantitalivc ex[)ei‘inients [hVesenins, 
Zlschr. Anal Chcm. 1883, 2/11*1, It represents 11 siuiHy about 

tAtt jmper. 

The form of an ^ ash I deiived from a fibrous structure, is 
that of the N)rganic ^ original, more or less, according to its 
proportion and composition, The proportion of 'natural asli * 
is seldom large enough, nor are the components of such 
character as to give a coherent ash, hut if in the case of a 
fibrous structure it is combined or intimately mixed with 
inoigunic compounds deposited within the fibres Irom solution, 
the latter may be made to yield a pel feet skeleton of tlu* filire 
idler burning off the organic matter. It is by such means 
that the mantles used in the Welsbach system of inaindescenl 
lighting are prepaied, A purlned cotton futiric — or yarn — is 
liealed with a concentrated solution of the mixed niltates of 
thorium and ceiium, and, after diying, the cellulose is butned 
away. A perfect and coherent skeleton of the fabric is 
obtained, composed of the mixed oxides, Sueli mantles liuve 
fuirilled the rc(juircnients of the industry up to the present 
time, but later exiieriments foiecast a nolaiile iinprovenienl. 
It has been found that artificial cellulose fit ires cun be .‘•pun 
with solutions containing considoiable propouions of solul)le 
coini)ounds of these oxides, Sucii fibres, when knitted into 
mantles and ignited, yield an inorganic skeleton of the oxidifs 
of homogeneous structure and smooth contour, De Mare in 
1894, and Knofler in 189s, patented methods ot preparing 
such cellulose threads containing the salts of thorium and 
cerium, by spinning a collodion containing the latter in solu- 
tion, When finally ignited, after being brought into the 
suitable mantle form, there results a structure which proves 
vastly moic durable than the original Welsbach mantle. The 
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cause of the supeiiority is thus set forth by V, II, Lewes 
in a recent publicalion (J, Hoc, of Aits, lyoo, p. 858) ; 'The 
alleuition in physical stnu’ture has a most exlraorcHnury 
effect uj)on the lighUglvin[^ life of the mantle, and also on its 
strength, as after bummg fora few luindretl lunus the conslunt 
b( 3111 bard men t of the mantle by dust jiarticdes drawn up by 
the rush of air in the chimney causes tlie formation of silicates 
on the surface of the mantle owing to silica being pr(‘s<*nt in 
the ail, and this seems to affect the Welsbach Hivncture far 
more tlian it does the " (Jlamond** typo, with the lesiilt that 
when burned continuously the Welsbach muiule falls to so 
low a pitch of light eniissivity after 500 to 600 hours, as to 
lie a mere shadow of its former self, giving not more than one- 
third of its original light, whilst the Knoller mantle keciis ii|;) 
its ligliUemitting power to a nuieh grealtr exttiil, uml the 
Jjehner (iibric is the, most i‘( 5 markable of all, 'L’wo L<jhmu’ 
mantles which have now lictrn burning roniiiuiously in my 
laboraiory for over 3,000 hours give at this moment a briglUcr 
light emissivily than most of the Welsbachs do in lh<*ir primis* 

, , , ^The now developments of the (>lainond process form 
as important a step in the histmy of incandcMient gas lighting 
as the discoveries whit'h gave rise to the original mantles/ 

It has further been found that Uie oxides themselves cun 
t)e dissolved in the cellulose alkaline sulphocarbonatu 
(viscose) solution, and artificial threads have l 3 ecii spun eon- 
laining from 25 to 30 p.ct, of the oxides in homogeneous 
admixture with the cellulose. U'his method has obvious 
advantages over the collodion method botl\ in regard to the 
molecular relationship of the oxides to the cellulose and to 
cheapness of production. 
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UNTERSUCIiUNGEN UBER VERSCITIJiiDENlC 
BESTIMMUNGSMETHODEN DER CELEULOSIC. 

H. SuRimjAR AND B, Tollens (Zischi*, angcw. Chcm. 
1896, No, 33), 

INVESTIGATION OF 1VIETHOD8 OF DETERIVI I NINO 
CELLULOSE. 

Introducimu — This is an exhaustive hlhliogniphy of the 
subject, desciibing also the various methods of cellulose 
estimation, noted in histoiical sequence* Eirst, the Weende 
^ciude fibie’ method (lienneberg) with modi fa^ati oils of 
Wattenberg, Holdefleiss, and others is dealt with, The pro- 
duct of this treatment, viz, ^ crude fibre, * is a mixture, 
containing furfuroids and lignonc compounds* Next follows 
a group of pioccsscs which aim at producing a ' pure cellulose * 
by eliminating lignonc constituents, for which the merely 
hydiolytic treatments of the Weende method are ineffttctiial. 
The method of F. Schnl/e — prolonged digestion with dilute 
nitric acid, with addition of chlorate — has been luigely 
employed, though the composition of the product is more or 
less divergent from a 'pure cellulose,' 

Dilute nitric acid at 60-80^" (Cioss and Bovan) and a 
dilute mixture of nitric and sulphuric acids (Eifscluil/) 
have been employed for isolating ('cllulose from the ligno- 
celluloses, Hoffmeistei modifies the method {)f Srhulzo by 
substituting hydrochloric acid for the nitric acid. Treatment 
with the halogens associated with alkaline i)ro(‘esses of 
hydrolysis is the basis of the methods of Hugo Milller 
(bromine water) and Cioss and Bevan (chlorine gas). Lastly, 
the authors notice the methods based upon the action of tlic 
alkaline hydrates at high temperatures (180°) in presence of 
water (Lange), or of glyceiin (Gabriel), The process of 
heating to 210“ with glyceiin only (Hdnig) yields a very 
impure and ill-defined piodqcl, 
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Separation— Ih ti watt on 

]‘'or compaiativc investigation of these pro(‘esses rerlain 
celluloses and cellulosic materials were piepaied as follows; 

{a) * ' celhihse.—K chemical niter paper, containing 

only cotton and linen celluloses, was further t)iu‘i fil'd by 
boiling with dilute acid and dilute alkalii After thoiough 
washing it was air-dried. 

{t)) Wood celiuhse.—V\m wood sawdust was livated by 
digestion fi)r fourteen days with dilute nitric acid with addition 
of chlorate (Schul/.e). The mass was waslied and digested 
with alkaline lye {V 2 S p.uL ICOH), and exhaustively washed, 
treated with dilute acetic acid ; again washed, and finally air- 
dried. 

This product was found to yield 2*3 i).et, furfural on 
distillation with HCl (rofi sp. gr,), 

{c) Punfied wood. — Pine wood sawdust was treated in 
succession with dilute alkalis and acids, in the cold, and with 
alcohol and ether until exhausted of products solidile in these 
liquids and reagents. 

In addition to the above the authors have also em- 
ployed jute fibre and raw cotton wool in their investiga- 
tions, 

They note that the yield of cellulose is in many (’uses 
sensibly lowered by treating the material after drying at the 
tempera Lure of too®. H’he material for treatment is therefore 
weighed in the air-dry condition, and a similar sami)le weighed 
off for drying at 100® for determination of moisture. 

The main results of the experimental investigation are aa 
follows : — • 

Weende process further attacks the purified celluloses as 
follow.s : Wood cellulose losing in weight 8-9 p.cb ; filter 
paper, 6-7*5 and the latter treated a second lime loses 
a further 4-5 p.ct. It is clear, therefore, that the process is 
of purely empirical value, 
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Schihe , — 'This process gave a yield of /|7*6 p,(d, (cellulose 
from pine wood* The culluloscs ihemselvoH, tiH'aled l)y the 
pioccss, showed losses of 1-3 ]).cl, in weight, nui(di lesf- 
tiierefore than in the preceding case. 

TliUii^s method of healing with gly('<nin to 210" was found 
to yield products very far reintm*d irom ‘cellulose,' The 
process may have a certain value in ('stimations of ‘(’ru(U 
fii)re/ hill is dismissed from further consideuUion in i elation 
to cellulose, 

TAvi^e,~\:\\i\ purpose of the investigation was to ti‘sl tin. 
validity of Liu* statement that the celluloh(?K are not alUxck(‘(l 
by alkaline hydrates at iHo". ICxperiments with pine wood 
yielded a series t>f penien luges for <‘ellulos(‘ varying from 3d tc 
/jx; the *])iiri(ied wood* gave also variahh* numbers, to 
49 per cent, It was found possible to limit tlu'se variations- 
by altering the conditions in the lai(*r stages of isolating tin 
product; hut further experiments on the i:tjlhiloses tlumiseive^s 
previously isolated by other proex'sses show<ul that they wen 
profoundly and variul)ly iitlaclccd by the ‘Lungtj' treatmiSU, 
wood cellulose losing 50 per (uait, of its wt'iglU, and filu*! 
paper (celliilost!) losing 15 per <xjnt, Further, a si>eciin(‘n ol 
jute yielded 58 per cent, of c(illu1os<j by this method instead 
of the normal 78 per cent. It was also found that llus cellu- 
loses isolated l)y tluj proixjss, when subjected to a S(5('ond 
lieatment, underwent a further huge eonversion into soluble 
derivatives, and in a third treatment further losses of 5-10 
per cent, were obtained, The authors attach value, not- 
withstanding, to the process which they slate to yield nn 
‘approximately pure cellulose,* and lliey descrilui a modified 
method embodying the improvements in detail resulting from 
their investigation. 

Gabrkrs method of heating with a glycerin soluiion ol 
alkaline hydrate is a combination of ‘Ildnig* and ‘I.ange.‘ 
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An cxltjndccl iiivcHtigalion showed as in the case of the lutter 
that the celluloses themselves are more or loss profoundly 
attacked by the lieatment — further that the celluloses isolated 
from lignocelluloses and other complex raw materials are miu'h 

* less pure ' than those obtained by the I.ango process, 'i’IniH, 
notably in regard to furfural yielding eonstitueiits, tin; lalier 
yield i-a p,ct, furfural, whereas peeime/is of *Jirtv ce//a/ose ’ 
obtained by the (iai)riel process were found to yield y to 13 /.cA 
fiirftmiL 

Cross and Jkvafh — Chlorination process yie]di*(l in llu? 
hands of the authors results confirming the figures given in 

* Cellulose’ for yield of cellulose. Investigation of the [mi- 
duets for yield of furfinal, gave y p,cU of this uUleliyde 
showing the presence of celluloses, other than the normal 
type. 

Conclusions , — The subjoined table gives Itiemean niiima'ical 
results for yield of end-product or ‘ cellulos(‘ * t>y the vaiious 
methods, Tn the case of the ^celluloses’ the results are tlujst' 
of the further action of the several pro( Jesses on iIuj cnd- 
I)roduct of a previous process. 



1'. Sulnil/tt 

Wccuilt 

MothodH 

1 nnico 


ClOHII iiikI 
llfVltll 

Wood celliitoso 

9H'5I 

yi'SiJ 



P liter pa^-jur cclluloHe 
SwccliBh 1 liter paper . 

90‘t'w 

9r)-5« 

95*fi3 

7H'I7 

7077 


Ordinal y filter paper 

9«-i7 

9V3() 




Cotton (‘ wool ’) 

9«M« 

HyyS 

OsajO 

fi7'HH 

- 

Jl-Hc 



57'9J 

71 ’Cm 

75*i«7 

Purified wood . 



hmy 



Raw wood 

-17 '60 

— 

\ rjrvsf) 

/ /|o*Sa 

b«'«7 


- 

— 

- 


- 




The final conclusion drawn from the results is that none 
of the processes fulfil the requirements of an ideal method, 
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Thoso whi()h may bo carried out in a rt^anouably short time 
£iro cloficiont in two dirorlious: (i) ilujy yield a ^'clliiloso ’ 
t:ontaining more or less oxyocllulose ; (2) ibe a)llulosi>s them- 
solves me uttaeked under the conditions of ireatmeni, and the 
end product or coliuloso merely iV[)r(‘senLs a partiinilar and at 
the same lim<5 variable e(|uilibrimu, us tmtween the resislaiu e 
of the cellulose and the aUa(‘k of the reagents iuu ployed ; this 
attack being l)y no means coiWined to tiu; non-eeilulose eon- 
siilueiUs, Scluil/e\s method appears to give tlie nearest 
approxinmtion to the ‘actual (‘ellulose' of the raw material. 

(p, H) Solutions of Oelliiloso— (0 Zino ohlorido,— 

M’o prepare a homogeneous solution of celluloM' by means of the 
neutral chloride, a prolonged digesticni at or about too" with 
the concealratcd reagent is requinuh 'I’he dissoluiion of tlie 
eciliilose is not a simple phenoimaion, but is attended witli 
hydrolysis and a certain degree of condt'nsaiion. 'the latter 
result is evid(‘iu:ed by the formation of fuiTural, the former hy 
the presence of soluble carhohydrales in the solution obtaiiual 
by diluting the origiiud solution and filtering Irom the reprecipi- 
tatud cellulose. Tim authors havii ob.served that in carefully 
oondiieied experiments cotton cellulose may he dissolved in 
the reagent, and repre(‘ii>ilated with a loss of only t p.ia. 
in weight. 'I’his, however, is a ‘net' result, and leaves un- 
determined the degiee of hydration of the recovered cellulose 
as of hydrolysis of the oiiginal to groups of lower molecular 
weights, llronnert finds that a previous hydration of tlie 
cellulose — c.g. by the process of alkaline mercerisation and 
removal of the alkali by washing— enables the /inc chloride to 
effect its dissolution by digestion in the cold. (U.S. patent, 
646,799/1900, .See also p. 59.) 

% Tnduslrial applications , — («) Vuicaniseti fibre ia prepared 
by treating paper with four times its weight of the concen- 
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trated aqueous solution (65-7 5*^ ]!♦), and in the njsuUing 
gelatinised condition is worked up into masses, l)lo(dcs, sheets, 
of any requited thickness. 'The washing of these masses 
to remove the zinc salt is a very lengthy operation. 

To render the product waterproof the protJess of nitration 
is sometimes superadded |I).R.V. 

details of manufacture are given in l^rakt. TFiindhiKdi (h 
Papicrfabiikation, p. 1703 fC. tTofmann|. 

(/>) Calico-p^intt\^\—^"\!\\^ use of the solution as a thickener 
or colour vehicle, more especially as a suhsliluie for alhumeit 
in pigment styles, was patented liy K. Ih Manhy, Iml the pro- 
cess has not been industrially developed |1C.V, 10,-166/ 

(<;) Ariijidal This is a lenneiiient ol the earlier 

applications of the solution in spinning rellutose thrtsids for 
conversion into carbon filaments for electrical glow-lamps, 
'This section will he found dealt with on p, 59. 

(p, 13) (2) Ouprammonlum solution.— The appliiuuion of 
the solution of cellulose in ciipiammonium to the pioduclion of 
a fine filament in continuous length, ‘artificial silk/ has been 
very considerably studied and develoiied in the period 1H1J7- 
T900, as evidenced by the series of patents of PrtJmery and 
Urban, Pauly, Ihonnert, and others, The sulijccl will also 
be found dealt with on p. 58, 

(p, 15) Reactions of oellulose with lodine,“In a re<’ent 
paper, F. Myliiis denis with the reaction of standi and <'e)ln- 
lose with iodine, iioinling out that the lilue (‘olouration 
depends upon the presence of water and iodides, Tn absence 
of tlie latter, and therefore in presence of compounds wliiidi 
destroy or absorb by dried ic avid — e.g. iodic acid — there results 
ca thrown addition product, Tlie [iroducts in (piestion have llie 
characteristics of so/M so/f/tlons of the lialogen, (Herb Her, 
^895. 390') 
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(24) Morcorisatioil.—Nolwiih.suinding [he cnornious 
WA'ml (lcv(‘lopnu'nls in iho indiistiial api)li<’ati(>n (jf [hv mur- 
(‘(‘rising iva(‘lion, [here have bmi no iiolcwortliy ('onlriluUioiis 
to tluj lh(jou!ii('al as|)c(‘Ls of the; subjocl, Tht' following 
ahslracd givos an oiiilino of tho s(‘(>pu of an imporuinl tech- 
nical work on the Hnl>jo(‘l, 


niK MKRCICRISATION DICR bAUMWOLIJO, 

Paul (Iaronkr (Jh'rlin: J, S])ringcr). 

THE IVIERCERI8ATION OF COTTON, 

'Phis monograph of some 150 ])ages is chiedy devoted to 
llu) i)aUinL liLcraUirc of the subje(U, The chemical and 
physi(\il modificalions of the (’(Hton subslance under the 
action of stixaig alkaline lye, were set forth by M(nH:er in 
1H44-5, and there luis resulted from Hub.se([uonl investigations 
but little increase in our knowledge of the fundamental fa(‘ts, 
The ti'i‘atnient was industrially developed l)y Mercer in (aa’tain 
dire(’tions, iducdly (i) for pre[)aring webs of cloth re(|uired to 
stand consid(*ml)le strain, and (2) for prodiK'ing ei6i)on effeijts 
by local or topical aiRion of the alkali. But the lesults 
achieved awakened but a transiteny inteirsl, and tlu^ matter 
passed into oblivion; so much so, indeed, that a Oerman 
patent |No. 30,966 1 was granted in 1884 to the Messrs. 
l)e])ouilly for crOpon effects due to the diffcTcsUial shrinkage 
of fabrics under nufveerisation, by pro('ess(is and treatnusUs 
long prtfviously destM'ibed by Mercer. Such effects have hud 
a considerable vogue in re(‘ent years, l)Ut it was not until the 
discov(‘ry of the liisLreing effect resulting from the ass<i(aation 
of the merc’erising actions witli the condition of strain or 
tension of the yarn or fabric Lliat the industry in Mneiceiised* 
goods was started on the lines which have led to the present 
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colossal development. The merit of this discovery is now 
generally recognised as belonging to 'Ihonuis and Ih-evosL of 
Crofcld, notwithstanding that priority of patent right belongs 
to the linglish technologist TT. A. T.owe, 

The author critically discusses the grounds of Uui m\w 
celebrated patent ccjnlrovorsy, arising out of the condicL of llu! 
claims of German patent ^5,56.1/ 1^95 of the former, and 
English patent /P152/1890 of the IlUUt. 'rius author (’on- 
eludes that I.owe^s speciricalion undoiihledly dl'S(TilH^s lh(5 
lustreing effect o( mercerising in much mon^ (UTuut(5 terms than 
that of Thomas and Ih'evosU These inventors, on the olhi;r 
hand, realised the elTecl industrially, which TiOwo certainly 
failed to do, as evidenced by his allowing the [KiU’ul to lapse. 
As an explanation of his failure, the author suggests that laiwi; 
did not Hulficienlly extend his ol)servatioii'i to goods made 
from lUgypiian and other long-stupled cottons, in whu’h c‘]uss 
only are the full enbels of the added lustre obtained. 

Following these original patents are the spccilicationH of 
a number of inventions which, however, are of insignincanl 
moment so far as introducing any essential vaiiaiioa of the 
mon’erising treatment. 

The third section of the work des(n’ihus in dcjtail Uui various 
mechanical devices wliich have Ijecn [uilcnled for (’airying 
out the treatment on yarn a)id cloth. 

The fourth section deals with the fundamental fachi 
underlying the process and effects summed ui) in the term 
* meicerisation.' These are as folhnvs : — 

((?) Although all fonns of fibious celluloses are similarly 
affected by strong ullcaline holulions, it is only the .Egy[)lian 
and other long-stapled cottons — i.e. tin* goods made liom 
them— which under the treatment ac(iuire the special high 
lustre which ranks as ‘silky.* Goods made (roni Anuriciin 
cottons acquire a certain ‘ finish * and lustre, but the (’ilecls 
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are not such as to have an industrial value — u value pio- 
portional to the cost of IreaLnionl. 

(/;} The lustre is determined by exposing the goods to 
strong Unision, either when under the action of th(j alkali, or 
sul)se{iuently, but only when the cellulose is in tiui spetsal 
condition of hydration which is the main chemi('al efre('t of 
the mercerising Ircatinent. 

(^’) The degree of tension re(iiured is approximately ilml 
which opposes the shrinkage in dimensions, otherwise detei- 
mined by the action of the alkali. The following tal)le 
exhibits the variations of sluinkage of ICgypiian wlasi mer- 
cerised without tension, under vaiying conditions as regards 
the essential factors of the treatment --vi/., (r) concxintuuion 
of the alkaline lye, (2) temperature, and (3) duration of action 
(the latter being of subordinate moment) : — 
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The more important genera! indk’ations of tlie above nvsults 
are— (i) The mercerisalion action commonetjs with a lye of 
10"]]., and increases with increased strength of the lye uj) to 
a maximum at 3S^Jb There is, however, a relatively slight 
increase of action with the increase of caustic soda from 
3o-/jo‘’lb (2) For optimum action the temperature should 
not exceed 1S-20T. (3) The duialion of action is of pro- 

portionately less influenco as the coneenlralion of the lye 
increases. As the maximum efiect is allaijKs! the maion 
becomes practically inslaiiUincous, the only condition affecting 
it being that of penetration— i.c, at'timl contact of ('ellulose 
and alkali. 
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(d) The question as to whether the process of ' nu;rc(;risa- 
ion ’ involves (;hemical as well as physu-al cffi:cts is hrii'lly 
lisciissecl. 'I'he author is of opinion that, us the tlej'ree of 
ustre obtained varies with the different varieties of cotton, the 
Hfferentiation is oct'usioned by differences in eheinit'ul con- 
ititntion of these various cottons, 'J'ho influence ol' the 
dieniical factors is also einphnsisod Iry the iiwa'cased dyeing 
:apacity of the nien'erised gootls, which effect, inovtiovtir, is 
ndcpendenl of those conditions of strain or tension under 
ncrcerisation which determine liistie. It is found in t'ffcct 
.hat with a varied range of dye stuffs a given shade is produced 
tvilh from lo to 30 p.cl, less colouring nuUlcr than is roiiuired 
for the ordinary, i.e. unmercerised, goods, 

In reference lo the conslanls of slienglli and elasticity, 
lUuitroclc gives the following results of obstirvalioiiH upon a 
I o’ twofold yarn, five threads of 50 cm. length being taken for 
,>ach lest (Prometheus, 1H97, p. fujo) : (ft) the original yuvn broke 
mder a load of i^pto gnus,; {}>) after mcrceiisalion witln)nt 
Lension the load required was 2.120 gnus.; (c) after inerccrisa- 
Lion under strain, 1950 gnus. Alitcerusalion, tltcrcfore, 
ncreases the strength of the yarn from 30 lo (56 p.cl,, the increase 
being lessened proportionately to the strain cu:com()auying 
luercerisaiion. Hlasliciiy, ns mcasiirud by Iho extension under 
the breaking load, remains aljoul the same in yarns mercerised 
Linder strain, but when allowed lo shrink under mereerisation 
there is an increase of 30-/10 p.cl. over the original. 

'J'he change of form sustained by the individual fibres lias 
been studied by H, Lange [Pftrberzcitnng, 1898, 197-198], 
whose microphotogrnphs of the cotton fibres, both in length 
xnd cross-section, are reproduced. In general terms, the 
change is from the flattened riband of the original fibre lo a 
cylindiical tube with much diminished and rounded cenlvul 
canal, 'I'lio effect of strain under meri'erisation is chiefly seen 
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in the contour of the surface, which is smooth, and the ohlilera- 
lion at inieivals of the canal. Hence the inci eased trans- 
patency and moic complete reflection of the light from the 
suifacc, and the consequent apitroximation to Lite ot)tical 
properties of the silk fibre. 

The work concludes with a section devoted to a descrii)- 
tion of the various practical systems of mcrcerisaiion of yarns 
in general practice in (Germany, and an ac(’()imL of the methods 
adopted in dyeing the merc'ei ised yarns. 

RJiSEALlCHES ON MKRCERISJCl) COrrON. 

A. Eraknkkl and P. h^iuKnr.AKNnicu (Mitt, k,-k. Techn, 
Hew, Mus,, Wien, 1898, 326). 

The authors, after investigation, are inclined to attribute the 
lustre of mercerised cotton to the absence of llie nuicle, whudi 
is destroyed and removed in the process, jKirlly by the (’homical 
action of the alkali, and partly by the stretching at one or other 
stage of the process. The authors have invesligated the action 
of alcoholic solutions of soda also. Tiie lustre (jffecas arc not 
obtained unless the action of water is assoc'iated. 


In conclusion, the authors give the following particulars of 
breaking strains and elasticity : — 
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(p. 2S) Oolluloso Hiili^hocarboiialo.“i*nnhor In- 
esligaU(HiH of tlio muuion of fonniilioii as well as Ihr various 
captions of clcicoinposiLion of the ooin|»)iin(l, liavo mH conlrh 
niLcd any osscnlial inodifioation or dcivolopinoiiL of iho subjtsii 
s oiiginally dusorilKid in tin* luilhor's firHt oomnuinii'iilions, A 
11 go amount of t*xpariiiuinlal mat lor has Iks'O {usmmulaLod in 
'iovv of tho ultimate ronliihution of llu* results to the general 
heory of eolloidal solutions. Ilui viscose is a (*om})lex 
iroduot ainl essentially vaiiiilile, Lhrongli its pronouneed 
endoney to [progressive deco in[ position with reversion of the 
ellulose to its insoluble and uneomhined c'ondilion, '('hi’ 
olution for this reason does not lend itself to exact uusisure- 
nent of its physical (’onstanls siu'h as might elucidate in some 
neasiire the [progressive moletailar aggregation o( tin* <H*lluU)Se 
n assuming spontaneously the .solid (hydraU*) form, Rcseiv- 
ng the discussion (?f these points, Iherefoie, \v<* (‘(jnfiin* 
nu.sclves to iccording nfsulls which further elucitluP* S[)eeial 
points. 

Norma! amt other ccttulom , — AVcj may certainly use tin? 
;uli)hocail)onaLe rea(*tion as a means tpf (h’lining a normal 
'ellulose. As already [pointed oul, cotton (‘ellulose [pussipk 
juanlitatively through the cycle of irealiiienis involved in 
lolulion as sulpliaeaviponatu and decomposition of the stplulion 
vUh regcjieration us sinicturuless or umoiphous cellulose 
hydrate). 

Analysis of this cellulose .show.s a full of carlpon [per- 
centage from 4^p^i to /13‘3, conesponding with a (change in 
composition from to I/). 'I'he [partial 

lydrolysis affects the wliole molecule, and is limited to this 
jfTecl, whereas, in the ease of celluloses of (Pihei ly[M% there is 
i fiactionaiion of the mass, a [portion undt'rgoing ii further 
iiydroly.sis to com[p(punds of lower molectdur weight and 
permanently soluble, M’hus in the case of the wood celjuloseh 
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the percentage recovered from solution as viscose is from 93 to 
95 pxl. It IS evident that these celluloses are not homo- 
geneous. A similar conclusion results from the presence of 
fuifural-yielding compounds with the observation that the 
hydrolysis to soluble deiivatives mainly affects these deriva- 
tives. In the empirical characteiisation of a normal cellulose, 
therefore, we may include the pioperly of quantitative re- 
generation 01 xecoveiy from its solution as sulplioc'urbonate. 

In the use of the word * normal * as applied to ti ^ bU*a<'hed ’ 
cotton, wo have further to show in what rosi>ecls the sulpho- 
caibonate reaction differentiates the bleached or purified 
cotton cellulose from the law product. "J'hc following cx- 
peiiments may be cited : Siiccimens of American and 
F/gyptiun cottons in the raw state, freed from mechanical, 
i.e, nun-fibrous, inipuiiiies, were treated with a mercuiising 
alkali, and the alkali-cotton subsequently exposed to carbon 
disulphide. The product of reaction was further treated as in 
the preparation of the ordinal y solution ; \ml in place of 
the usual solution, structureless and homogeneous, it was 
observed to retain a fibrous character, and the fibres, though 
enormously swollen, were not broken clown by continued 
vigorous stirring, After large dilution the solutions were 
filtered, and the fibres then formed a gelatinous mass on the 
fillers. After purification, the lesiduc was dried and weighed. 
Tlie American cotton yielded 90*0 p.cL., and the Fgyptian 
93 'o p.ct. of its substance in the form of this peculiar modi- 
fication. The expciimenl was reiieatcd, allowing an interval 
of 24 hours to elapse between the conversion into alkali- 
cotton and exposure of this to the carbon disulphide* The 
(piantitative results were identical, 

There arc many observations incidental to chemk^al 
treatments of cotton fabrics which tend to show that the 
bleaching process produces other effects than the , mere 



Snlphocarbonatcs 


2y 


cmoval of maclmniral iinpuiities. In the sulpho(’ari)oniito 
cuciion ibo raw cotton, in Ihcl, hcliavi's exactly us a i-cnnjxnind 
cellulose. Whether the constitutional difhwic’o hctwtu'n raw 
ind hleached C()tton, lluis emphasised, is due to ihe j^nmp of 
components of the law (!olton, which are removed in the 
bleaching proccssi or to int^Tnul (*onstitutional <‘lKingt‘s 
jetermined by the bleaching treatments, is a ciuesiion whieli 
ruiure investigation must decide. 

T'he normal snlphocarhouatc {^uscosi^. In tlu? indusliial 
ipplicalions of viscose it is imj^orlant to maiiUain a <Hnluin 
standard of compositum as of the essential physical properties 

the solution, notably vis(’Osity, It may be nt)lt*(l first Ihiil, 
with the above-menthmed exception, the various librous 
celluloses show but sliglrt differences in regard to all the 
essential features of the reactions involved, fn the menaaising 
reaction, or alkali-cellulose stage, it is true the dlfhavniuis are 
considerable, With celluloses of tire wood and straw (‘lasses 
Lhcrcr is a considerable conversion into solulrle ulkali-celluloscs. 
If irealed with water ihesti are dissolved, and on weighing lmt‘k 
the cellulose, after thorough washing, Lreatimurt with acid, and 
finally washing and drying, it will Ire found to have hrst from 
15 to 20 p.ct, in weight. The lower grade of eelluloses llnis 
dissolved are only in pari precipitated in acidifying the alkaline 
solution, On the other hand, after conversion into viscose, 
the cellulose when regenerated re-aggn;gates n huge pnrponion 
of these lower grade celluloses, and the final loss is as slated 
above, from 5 to 7 p.et, only. 

Secondly, it is found that all the conditions oblaining in 
the alkali-cellulose stage affect the subsecjuunl viscose reaction 
and the properties of the final solution. The most important 
are obviously the proportion of alkali to cellulose and th(i 
length of time they are in contact before Ireing treated with 
carbon disulphide, An excess of alkali beyond the ' normal * 

ilih?, N 0(0-1 
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proportion — viz, sNaOH per i mol. — has little 

influence upon the viscose reaction, but loweis the vis<'C)sily 
of the solution of the sulpho-caibonate prepaied from it, 
But this effect equally follows from addition of alkali to the 
viscose itself. The alkali -cellulose changes with age ; theic 
is a giadual alteiution of the molecular stuictuie ol the 
cellulose, of which the propcilics of the viscose when pie [Hired 
are the best indication. There is a [>rogre.ssive loss of 
viscosity of the solution, and a coiicsponcling cletciioiation in 
the structural properties of the cellulose when legcneraled 
fiom it — especially maiked in the film form, Tn rc'gard to 
viscosity the following obseivalions arc typical : — • 

(rt) A vibcoseof i*8 p.cl, cellulose piepared from an alkall-ccllulosc 
(cotton) fourteen clays old, 

(i) Viscose of i’8 p.ct. cellulose Irom an allcnli-cellulose (colloii) thiee 
days old, 

(cr) Glycerin diluted with vol. watci , 

(t b U ( 

nilutocl with 
CflUfll vol. 

Times of flow of equal volumes from nanow 1 
orifice in seconds j 

Similarly the cclullose in reverting to the solid form from 
these 'degiaded' solutions presents a proportionate loss of 
cohesion and aggiegating power expressed by the inferior 
strength and elasticity of the products, Hence, in tlui praclitvil 
applications of the piodiict where the latter proptnlies are of 
first importance, it is necessary to adopt normal standards, 
such as above indicated, and to carefully regulate all the 
conditions of treat men i in each of the two main stages of 
reaction, so that a product of any desired character may bo 
invariably obtained. 

Incidentally to these investigations a number of observa- 
tions have been made on the alkali-cellulose (cotton) after 
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lolongcd siorago in closed vessels. Il is well known lliul 
arch utidorgocH liycholysis in contacL with luiiu'ous alkalis of 

similar character to that determined by acids IJiL^chaini), 
Liinalcn, loo, 365J. 'Che recent researches of Lobry de 
Iruyn [Rec» 'riav. Chim, 14,1 5^1 iii)on the uetion of 
Ikaline hydrates in atiiieous solution on the h(‘Xoses h/ive 
slal)lished the important fact of the resulting mobility of the 
;0 giouj), and the interchangeable n^lutionships of lyim’al 
[closes and ketoses. It was, therefore, not imi)ro))able that 
lofounci hydrolytic changes should occur in lh(? ('(jllulost* 
lolecule when kei)l for prolonged i)eriods as tilkali-eellulose. 

We may cite an extreme (nise. A stories i^roducls w<*re 
xamined after la-iS months' storage. They were found to 
onlain only 3-5 p.(Jt. ‘soluble carbohydrates'; these W(*re 
lecipitated by I'ebling's solution but without reduction on 
oiling, They were, tbert>fon‘, of the tsjlhilosc! typis On 
eiclifying with sulphuric acid and distilling, Inu'es (inly ol 
olatile acid were* prodiuxah It is clear, lhen*fore, that llu* 
hange of molecular weight of the ctdlulosi*, llui disaggu'galion ol 
le unci ou hied ly large molecuhi of lh(i original ' nornud ' cellu- 
)se — which effects are immediately lecognisetl in the visc<ise 
^actions of such procluets — are of such otherwise limited 
haracter that they do not affect the constitution of the utiii 
loups. Wo should also conclude that the cellulose type of 
onslitution covers a very wide range of minor variations of 
rolecular weiglil or aggregation. 

The resistance of the normal cellulose to the action of 
Ikalis under these hydrolysing conditions should be men- 
ioned in conjunction with the observations of f/ange, and the 
2sulus of the later investigations of ’^Pollens, on its resistance la 
fusion’ with alkaline hydrates at high tcmpcraUircH 
'he degree of resistance has been established only on the 
mpirical basis of weighing the product recovered from such 
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tieatment. The product must be investigated by conversion 
into typical cellulose deiivatives before we can pronounce 
upon the constitutional changes which certainly (jccur in the 
process. I3ut for the purpose of this discussion it is sufiicient 
to emphasise the extraordinary resistance of the normal 
cellulose to the action of alkalis, and to airolher of the more 
significant points of differentiation from starch. 

Chemical constants of cellulose sulphocarhonaic [solution ), — 
In investigations of the solutions we make use of various 
analytical methods, which may be briefly described, noting 
any results bearing upon special paints. 

Total alkali, — This constant is determined by titration in 
the usual way. The cellulose ratio, CoIIioO^j : zNaOII, is 
within the oi dinary error of observation, 2 : i by weight. A 
determination of alkali therefore determines the percentage of 
cellulose. 

Cellulose may be regenerated in various way.s — viz, by the 
action of heat, of acids, of vaiions oxidising compounds. It 
is purified for weighing by boiling in neutral sulphite of soda 
(2 p,Gt. solution) to remove sulphur, and in very dilute acids 
(^‘33 P*cU HCl) to decompose residues of ^)rganic’ sulphur 
compounds. It may also be treated with dilute oxidants. 
After weighing it may be ignited to determine residual inor- 
ganic compounds, 

Sulphur, — It has been proved by Idndcnmnn and Motten 
[Bull, Acad. R. Belg, (3), 23, 827] that the sulphur of sulpho- 
carbonates (ns well as of sulphocyanides) is fully oxidised 
(to SO3) by the hypochlorites (solutions at ordinary tempera'* 
tures). The method may be adapted as rcfiuired for any 
form of the producis or by-products of the viscose reaction to 
be analysed for loial sulphur. 

The sulphur present in the form of dithiocarbonates, in- 
cluding the typical cellulose xanlhogcnic add, is approximately 
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isolated and detounined as CSg by adding a zinc salt in 
excess, and distilling off the carbon disulphide from a water 
bath, From freshly prepared solutions a large proportion of 
the disulphide originally interacting with the alkali and celln- 
lose is recovered, the .result establishing tlie general conformity 
of the leaction to that typical of the alcohols On keei)ing 
the soliuions there is a progressive interaction of lh(i bisulpliide 
and alkali, with fovmatioii of trithiocarho nates and vaiious 
sulphides, In decomposing these products by acid reagents 
hydrogen sulphide and free sulphin are formed, tlto estimaiion 
of which presents no special difBculties. 

In the spontaneous decomp o.sition of the .solution a large 
proportion of the sulphur resumes the form of the volatile 
disulphide, This is appioximaicly measured by the loss in 
total suli)hur in the following scries of determinations, in which 
a viscose of 8‘5 p,cU strength (cclluloie) was dried down as a 
thin film upon gliiss plates, and alierwards aiuilysiid ; 

(^t) Piopoition of Huiplmr to cclhilosu (ino pts.) in original. 

(/)) After spun la neons drying at ordinary teinpeialuic. 

(^) After drying at 

(rf) As in (r)j followed by a liniirs* healing at gH’’, 

(i?) As in (<?), followed by 5 hours^ heating at 

a h L tf is 

Total sulphur ♦ , /|o*o 35*0 31*0 237 lo'.i 

The dried product in (b) and (c) was entirely resoluble in 
ivalcr ; in {(f) and (tf), on the other bund, the cellulose was 
'ully regenerated, and obtained as a transparent film. 

Iodine Fresh solutions of the siilphocmbonale 

diow a fairly constant reaction with normal iodine solution. 
At the first point, whore the excess of iodine visibly p(;rsLstSp 
here is complete precipitation of the cellulose as the bixantliic 
mlphidc; and this occurs when the proportion of iodine added 
caches 3I2 : 4Na20, calculated to the total alkali. 
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Other decompositions . — most inicicstini^ is Uio inier- 
iiclion whic^h occiiis bulwcen the cellulose xanthogenaLe and 
.sails of ammonia, which is taken advantage of by C. H. 
Steam in his patent process of spinning artificial threads from 
viscose. The insoluble product whicli is formed in excess of 
the solution of ammonia salt is free from soda, and contains 
y-io p.cU total sulphur, Tlie j) rod net retains its solubility in 
water for a short period, Tlu; solution may be regarded ns 
containing the amnioniuin cellulose xanthate. Tliis rai)idly 
de('om[)()ses with libeiation of ammonia and (‘arbon disulphide, 
and sepaiation of cellulose (hydrate). As i)recipitate<l by am- 
monium-chloride solution the gelatinous thread contains 15 p.ot, 
of cellulose, with a sp.gr, I'l. The process of 'fixing' — i,e. 
decomposing the xanthic residue — consists in a shoit lixposurc 
to the boiling saline solution. The fuither deliydiation, with 
increase of gravity and cellulose content, is not considerable. 
The thread in its final air-dry slate hfis u sji.gr. T’48. 

CellulosQ Bonzoatos, — ^'riiesedorivativi's have been further 
studied by the tuithors. 'riie conditions for the formation of 
the monohen/.oate |(;,|TT(,()ji.0.(:0,hhJ arc very .similar to those 
re(|uivcd for the sulphocartxjnate reaction, 'J’he filirous cellu- 
lose (cotton), treated with a jo p.ct. solution NuOU, and 
subseciuently with lienzoyl chloride, gives about 50 p.ot. of the 
theoretical yield of moiiobenzoate. Converted by 20 p.ct. 
solution NaOH into alltali-GelIulo,se, and with molecular pro- 
portions as below, the following yields were obtained : — 


(a) C0II10O5 : ro^TS NaOH : CoH„.COCI-- 
(i) CftIboOfl ; !a*o.2-5 NaOH : 1*5 mol, 0 ^ 1^0001 


Ciilc. for 
Monoboiuoftlo 

i6.ro 

iSO-n I ' 


An examination of (a) .showed that .some dibenzoalu (about 
7 [J.cl.) had been formed, The product ( ) was exliaustively 
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treated with cuprammonium sohuion, to which it yielded about 
20 p,ct, of its weight, which was therefore iinatlacked ccHuloso. 

Under conditions as above, but with 2*5 inol. CoTl^/JOCi, 
a careful comparison was made of the behaviour of the tlnee 
varieties of cotton, whicli were taken in the imspiin condilion 
and previously fully bleached and purified. 



Sen IhIi\iuI 

Kt'yptifta 

Amerknu 

Aggregate yield of bcnzoaic 

153 

i.|8 

132 

Moisture in air dry slate . 

5*28 

5 '35 


Proportion of diben/oaie pxt, , 

K’30 

1370 


Yield of cellulose by saponiiicalion , 

58-0 

S-fo 

58*3 


It appears from these lusulls that the ben/oaio reaction 
may proceed to a higher limit (dibenzoate) in the case of 
Egyptian cotton, This would necessarily imply a Iiigher limit 
of * meicerisation,’ under ccjual conditions of tieatment with 
the alkaline hychatc. It must be noted that in the conversion 
of the fibrous cellulose into these (still) fibrous monoben/oates, 
there are certain mechanical conditions imported by the struc- 
tural features of llie ultimate fibres. For the eliminulion of 
the influence of this factor a large number of (luantilativo 
comparisons will be necessary, The above results are tbere- 
fore only cited as typical of a method of coniparativo investi- 
gation, more especially of the still open questions of tlio 
cause of the superior cficcts in mcrcerisalion of certain 
cottons (sec p. 23). It is quite probable that chemical as 
well as structural factors co-operate in further difforeiuiating 
the cottons, 

Further investigation of the influence upon the benzoate 
reaction, of increase of concenlralion of the soda lye, used in 
Lhe preliminary alkali cellulose reaction, from 20 to 33 p.d, 
NaOH, established (r) that there is no corresponding increase 
in the bcnzoylalion, and (2) that this ester reaction and the 
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sulphocarbonatc reaction arc closely parallel, in that the dcgice 
and limit of icaclion arc predoterminod by the condilions of 
formation of the alkali cellulose. 

Monohiezoaie prepared as above clcsciibed is resistant to 
all solvents of cellulose and of the cellulose esters, and is 
thercfoie freed from cellulose by treatment with the former, 
and from the higher benzoate by treatment with the latter. 
Several of these, notably pyridine, phenol and nitrobenzene, 
cause considerable swelling and gelatinisation of the fibres, but 
without solution, 

SfrncUtrehss celluloses of the Miormar type, and insoluble 
therefoie in alkaline lye, Ircated under similar condilions to 
those desciibcd above for the fibrous celluloses, yield a higher 
proportion of clibenzoato, The following detenninalions were 
made with the cellulose (hydrate) regenerated fiom the sulpho- 
carbonate ; — 


Mol. )>ro))Or lions of rcngciUB YioUl 

CoIhoOfl \ «NaOn : 2nzCl , , 1,15 

fCnuHtic »0(tn at lo per cent. NaOII] 

CoHioOn : .|NaOn : 2 HzC1 , . 1G2 

[CauBtlc HOtia at «o per cent. NaOII] 


DlboiiTroato p.cl. 
Ml 

627 


Umi/ of rcaciion . — The cellulose in this form having shown 
itself more reactive, it was taken as the ba.sis for determining 
the maximum proporlion of OH groups yielding to this later 
reaction. The systcmalic investigations of Skrauj) [Monalsh. 
10, 389] have determined that as regards the interacting groups 
the molecular proportions i OH ; 7 NaOH : 5 BzCl, ensure 
complete or maximum esterification. The maximum of OH 
groups in cellulose being 4, the reagents were taken in the 
proportion CgHjoGe : 4 [7 NaOH : 5 BzCl], The yield of 
crude product, after purifying as far as possible from the excess 
of benzoic acid, was 240 p.cl. [calculated for dibenzoale 227 
p.cl.]. On further investigating the crude product by treatment 
with solvents, it was found to have still retained benzoic acid. 
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There was also present a proportion of only partially attacked 
cclUiloHe (monobenzoato)* The soluble benzoate amounted to 
90 p.ct. of the product. It may be generally concluded that 
the clibenzoatc represents the normal maximum but that with 
the hydrated and partly hydrolysed cellulose molecule, as ol)* 
tained by regeneration from the sulphociirbonate, other Oil 
groups may react, but they arc only a fractional proportion in 
relation to the unit group C^HioOp. In this respect again there 
is a close parallelism between the sulphocarbonaie ancl’henzoyl- 
ester reactions. 

The dibenzoate^ oven when prepared from the fibrous 
celluloses, is devoid of structure, and its presence in admixline 
with the fibrous monobenzoate is at once recognised as it con- 
stitutes a structureless incrustation, Under the micioscope its 
presence in however minute proportion is icadily observed , 
As slated it is soluble in certain of the ordinary solvents of the 
cellulose esters, e.g, chloioform, acetic acid, nitrobenzene, 
pyridine, and phenol It is not .soluble in ether or alcohol 

Hygroscopic moisture of benzoates , — -Mlie crude mono- 
benzoate retains 5 •0-5*5 p, cl, moisture in the air-dry coiulitinn, 
After removal of Ihcicsidual cellulose this is reduced to 3*3 p.ct, 
under ordinary atmospheric conditions. The purified di- 
benzoates retain i*6 p.ct. under similar conditions. 

Analysis of be 7 maics,-^ 0 i\ saponification of these esters with 
alcoholic sodium hydrate, anomalous results are obtained. 
The acid numbers, determined liy titration in the usual way, 
arc 10-20 p.ct, in excess of the theoietical, the difference 
increasing with the lime of boiling, Similarly tlie residual 
cclUilosG shows a deficiency of 5-9 p.ct. 

It is by no means improbable that in the original ester re- 
action there is a constitutional change in the cellulose molecule 
causing it to break down in part under tlie hydrolysing treat- 
ment with formation of acid products. This point is under 
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iiwestigalion. Normal results as regards acid numbeis, on 
the mher haiicb are obtained by saponification with sodium 
ethylate in the cold, the product being digested with the half- 
saturated solution for 12 hourb in a closed flask. 

The following results with specimens of mono- and cliben- 
zoate, [)Ui‘ified, as flir as iiossible, may be cited ; 


Monobcnzoalc 
Dibun^oatc . 


Com bullion reHults Snii< 

Cnlc. CjsUfl.COOI 
G sG'Oo 58 ’(15 \ 

II 5-06 5*20 ] 

C Or'IO 

.1*86 / 


Sniionlficfttion rcaullH 

1 Calc* CclluloKO Calc, 


II 


03*10 

3'')» 


40*0 


*I 5’9 51^*0 Go’B 

000 3.1 *3 .jO*3 


The divergence of the number.s, especially for the dihun/vOate, 
in the case of tlie hydrogen, and yield of cellulose on hydro* 
lysis aic noteworthy. They confiim the probability of the 
occurrence of secondary cliunges in tlie ester reactions. 

Aciion of nUmHa^ acid u/>ou Ihc de/usoafes. — hVom the 
ben /Dates above described, mixed nil ro- nitric esters are oli- 
tained by the aciion of the mixture of nitric and sulphuric acids, 
'riie residual Oil groups of the cellulose aie eHloriftecl and 
substitution by an NO^ group lakes place in the aromatic 
residue, giving a mixed nitiic nitrobon/oic ester, The 
analysis of the products points to the entrance of r NOy group 
in the hen/oyl residue in either case ; in tlie eellulo.se residue 
I Oli readily roads, Higher degrees of nitration are at- 
tained l)y the process of solution in concentrated nitric acid 
and [irecipltution hy pouring into sulphuric acid, In descriliing 
these mixed esters we shall find it necessary to adopt the Cjg 
unit formula. 

In analysing lhc.se products we have employed the Dumus 
method for lolal nitro^u. hor the O.NOu groups we have found 
the niliometcr and the Schloesing methods to give concordant 
results. For the NOjj groups it was thought that Umpiicht^s 
method, based upon reduction witli stannous chloiide in acid 
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soluLion (HCl), would be available. The quantiUitivo results^ 
however, were only approximate, owing to the (liffieulty ol eon- 
fining the reduction to the NOn groups of the nitrobenyioyl 
residue. By reduction with ammonium .sulphide the 
groups were entirely removed as in the case of the cellulose 
nitrates ; the NOy was reduced to NHjj and there resiiUetl a 
cellulose amidoben^oate, which was diazotised and combine<l 
with amines and phenols to form yellow and red colouring 
matters, the reacting residue remaining more or less fiunly 
combined with the cellulose, 

Cellulose dlnitrale-diniirohenzoale^ and adluhm h initrak* 
dhiilrobenzoaie . — On treating the fibious bun/oato— which is 
a dibenzoate on the C12 basis^ — with the acid mixture uiuler 
the usual conditions, a yellowish product Js obtained, with a 
yield of 140- 142 ji.ct, The niUobenzoate is insoluble in ctiier 
alcohol, but is soluble in acetone, acetic acid, and nkro- 
benzene. In purifying the ju’oduct the forimu* solvent is used 
to remove any cellulose nitrates. 'To oluain the maximum 
combination witli iiitroxy-groups, the produd was dissolved in 
concentrated nituc acid, and the solution i)om-ed into sulpluirie 
acid, 

The following analytical results weie ol)tained (r/) for the 
product oblainecl directly from the ril)ious ben/.outii and 
purified as indicated, {li) for the product from the further 
treatment of (a) as described: 

('0 (ft) 

Total Nitrogen , , 7*8.] 8-97 

O'NOg „ . , 5*00 5',j5 

NOjj (Aioniatic) . , 2’84 3*5'.4 

With the two benzoyl groups convertc'd into nilroHl)enzoyl 
in each product, the limit of the ester reaction with the cellulose 
residue is 1 cached at the third OH group. 


Cok, tor 

Dlhitrnto TrlntlrAlu 
(UHl(rol>Qiuonto iliDitrolmneoAio 

7*99 Q-M 

3'99 370 
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The nitrogen in the amidobcnzoate resulting from the re- 
duction with ammonium sulphide was 4-5 p.cL— as against 
5*0 p.ct, calculated. The inoistuie retained by the fibrous 
nitiate — nilrobenzoate — in the air-dry slate was found to be 
i’97 p.ct. 

The pioducl from the structureless diben/oate or tetru- 
benzoate on the Cjg lormula, was prepared and analysed with 
the following robiilts : 

CaIc. tor 

Monohitrntc totinnltroben^onto 


Total Nitiogcn . 

. 676 

7’25 

O.NO9 M * • ■ 


1^5 

NO3 „ (Aromatic) , 

• 5*46 

5'8 o 


The results were confirmed by the yield of product, viz, 
13 1 p,ct, as against the calculated 136 p,ct, Tliey afford 
fuUhcr evidence of the generally low limit of esieiifiration of 
the cellulose molecule, From the formation of a ^ normal * 
tetracetate — octacclate of the Qg unit — we conclude that 
' 1 ; of the oxygen atoms are hydroxyl oxygen, Of the 8 011 
groups five only react in the mixed esters doscrihed above, 
and six only in the case of the simple nitric esters. Tlie ester 
reactions are probably not simple, but accompanied by secon- 
dary reactions within tlic cellulose molecule. 

(p- 34) Oollulose Acotatos —In the fust edition 
(p* 35) wc have committed ourselves to the statement that ^on 
boiling cotton with acetic anhydride and sodium acetate no 
reaction occurs,* This is cironcoiis, The error arises, how- 
ever, from the somewhat vague statements of Sehutzenberger's 
researches which are ciurent in the text-books [e.g. beilstein, 

I ed, p. 586] together with the statement that reaction only 
occurs at elevated temperatures (iSo"*). As a matter of fact, 
reaction takes place at the boiling tcmp(*vatuie of the anby- 
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dride. Wc have obtained the following lesults with bleached 
cotton : 


Yield 


Ebtei' reaction 


Haponificallon 


{ 


Cellulose 
Acclic acid 


I2I p.cl, 

79’9 


CnlCi Tor Mononcelate 
CfllhOi.O.CallaO 

125 p.cl. 

79*9 

29 %| 


This product is formed without apparent stnicLiiral altera- 
tion of the fibre. It is entirely insoluble in all the ordinary 
solvents of the higher acetates. Moreover, it entirely resists 
the actions of the special solvents of cellulose — ^c.g. zinc 
chloride and cuprammoniuni. Tlic compound is in other 
respects equally stable and inert, The hygroscopic moisture 
under ordinal y atmospheric conditions is 3*2 p,ct. 

Tefmcetatc . — ^This product is now made on the manufac- 
turing scale; it has yet to establish its industrial value. 


NITRIRXJNG TON KOHLRNIIYDRA'rKN. 

W, WiTJ. und T\ I.KNZic (Jlerl, Her., 1898, 68). 

NITRATES OF CARPOHYDBATES, 

(p, 38) The authors have studied the nitiic esters of a typical 
series of the now well-clermcd cnrboliydrales— pentoses, 
hexoses, both aldoses and ketoses — bioses and tiioscs, the 
nitrates being prepared under conditions designed to produce 
the highest degree of esieriricalioii. Starch, wood, gum, and 
cellulose were also included in the investigations. Tiic pro- 
ducts were analysed and their physical properties determined. 
They were more especially investigated in regard to tempera- 
tures of decomposition, which wore foiincl to lie consideiubly 
lower than that of the cellulose nitrates. They also show 
marked and variable inslalDilily at 30** C. A main pur[)OHc of 
the inquiry was to throw light upon a probable cause of the 
instability of the cellulose nitrates, viz, the presence of nitrates 
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of hydrolysed pioducts or carbohydrates of lower molecular 
weight. 

The most important results aie these : 

Mouoses, — The aldoses are fully eslerified, in the pentoses 
4 OH, in the hexoses $ OH groups reacting. The pentose 
nitrates arc comparatively stable at 50° ; the hexose nitrates on 
the other hand are cxtiemely unstable, showing a loss of weiglrt 
of 30-40 p.ct. when kept 24 hours at this temperature. 

Xylose is differentiated by tending to pass into an anhydride 
form (C5H10O5 - HaO) under this esterification. When treated 
in fact with the mixed acids, instead of by the i)ro('ess usually 
adopted by the authois of solution in nitileacid and subsequent 
addition of the sulphuric acid, it is converted into the dinitrate 

Jil'eloses (Co). — ^These aic sharply differentia led from the 
corresponding aldoses by giving ' ///nitrates ColIy02(NOn)^j 
instead of ;;/»;//rtmitrales, the remaining OH gioups probably 
undergoing internal condensation. The procluels are, moi eover, 
extremely stable. It is also noteworthy that levulose gave this 
same product, the tritiitrato of the anhydride (levuloKtin) by 
both methods of nitration {supra). 

The bisaccharides or bioses all give the octonitrates. The 
degree of instability is variable. Cane-sugar gives a very un- 
stable nitrate. The lacto.se nitrate is more stable, Thus at 
So'* it lo.ses only 07 p.cL in weight in eight days ; at 75^" it 
loses r p.ct. in twenty-four hours, l)ul with a rapid increase to 
23 p.ct, in fifty-four horns. The maltose octonilratc melts 
(with decomposition) at a relatively high lemperaUiro, 163"- 
164^ At So''*- 75 ° behaves much like the lactose nitrate. 

TrJsaccharide.—l^MnQBCi yielded the product 

WA^(NO,)n. 

Starch yields the hexunitratc (Cj^) by both methods of nitra- 
tion. I he product has a high melting and decomposing point, 
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vh. 184°, and when thoroughly puriricd k (jiiito stable. U is 
noted that a yield of 157 p.el. of this nitrate was obtained, and 
under identical conditions cellulose yielded 170 p.ct. 

JVood gum, from beech wood, gave a letuinitralo (Cjo 
formula) insoluble in all the usual solvents for this group of 
esters. 

The authors point out in C{)nclusion that the conditions of 
instability and decomposition of the nitrates of the monose- 
Iriose series are exactly those noted with the cellulose nitrates 
as directly prepared and freed from residues of the nitrating 
acids. They also lay stiess upon the superior staltility of the 
nitrates of the anhydrides, especially of the ketoses. 

NITRATED CARH 01 IYJ)RAT]i.S AS EOOl) MATERIAL 
FOR MOULDS. 

'I’liOMAH llOKOHNY (Cheiu. Ztiit,, 1896, 20, 985-(>8<t). 

(p. 38) Collulo.se trinitrate! (nitrocellulose) will servo as a 
food supply for moulds when suspended in distilled water con- 
taining the retiuisite mineral matter and placed in the dark. 
The growth is rapid, and a considerable (luatUity of the vege- 
table growth aceumulates round the masses of cellulose nitrate, 
but no growtli is oi)scrved if mineral matter is absent. Cellu- 
lose itself cannot act ns a food sH|)ply, and it seems probable 
that if glycerol is present cellulose nitrate is no longer made 
use of. 

NITRATION OF C 15 LLUI, 0 S 1 C, IIYDROCELT.ULOSE, 
AND OXYCELLULOSE. 

Lko ViGNON (Compt. rend,, 1898, T26, 1658-1661). 

(p. 38) Repeated treatment of cellulose, hydrocelUilose, 
and oxycellulose with a mixture of sulphuric and nitric acids in 
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large excess, together with successive analyses of the compounds 
producedj showed that the final product of the reaction coiie- 
sponded, in each case, with the fixation of ii NO gioups by a 
molecule containing 24 atoms of carbon. On exposure to air, 
nitrohydioccllulose becomes yellow and decomposes; nitro- 
oxyceliulose is rather more stable, whilst nitrocellulose is un- 
affected. The behavioui of these nitio-devivatives with SchifT’s 
reagent, Fehling's .solution, and potash show that all three 
possess aklehydic characters, which are most marked in the 
case of nitro-oxyccllulose, The latter also, when distilled with 
hydrochloric acid, yields a larger proportion of fiirfuraldehyde 
than is obtained from nitrocellulose and nitrohydiocellulose. 

CELLULOSE N ITRATE8— EXPLOSIVES. 

(p. 38) The USC.S of the cellulose nitrates as a basis 
for explosives are limited by their fibrous character, The 
conversion of those products into the .struct 11 re lc.ss homo- 
geneous solid 01 semi-solid form has the effect of controlling 
their combustion, The use of nitroglycerin as tin agent for 
this purpose gives the cuiious result of the admixture of two 
high or blasting explosives to produce a new explosive capable 
of extended use for military purposes. 'I'hc leading represen- 
tatives of this class of propulsive explosives, or ^smolcele.ss 
powders/ are ballistilo and cordite, the technology of which will 
be found fully discussed in special manuals of the subject, 
Since the contribution of the.se inventions to the development 
of cellulose chemistry does not go beyond the broad, general 
facts above mentioned, wc must refer the reader for technical 
details to the manuals in question. 

There arc, however, other means of arriving at structureless 
cellulose nitrates. One of these has been recently disclosed, 
and as the lesiilts involve chemical and technical points of 
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loveliy, which ftvc dealt with in a scientific rommiuiicalion, we 
eproduce the paper in (luestion, vi/,, : — 


A RE-INVESTK^AllON OF TllV) Cia.LUEOSlC 
NlTR/VnCS. 

A, Luck and C. l'\ Cuoss (J. Hoc. (Jhtan, Tnd., lyoo). 


The starting-point of these investigations was a sUidy of the 
litiates obtained from the slrueturoless cellulose oblaintjd frntn 
he Hulphocarl}onate (viscose), 'riiis cellulose in the form of 
fine meal was treated under identical conditions with a samide 
►f pure cotton cellulose, viz. digested for houis in an acid 
nixture containing in loo parts IINO.j’-' 2.1: llySOt^-vo: 
-IgO-d: the proportion of acid to cellulose beitig 60; i - . 
Vfter careful purification the iivoducts were analysed with the 
ollowing results ; 


Nllrogon 

Fibrous nilraio . ♦ 13*31 

StiuctnrcIcnH nitrate . 13*35 


SolublQ lu 
IClher nlcoliol 
.1*3 l^cl. 


Examined by the 'heat test' (at 80'’) and the 'stability 
GSt* (at T3S°) exhibited the iisii«al inslabiiity, and in Cf|tial 
logrccs. Nor were the tests affected l)y exlmuslivo treatment 
vith ether, benzene, and alcohol. From this it appeals that 
ho process of solution as sulphocarbonale and regcMieralion of 
he cellulose, though it eliminates certain constituents of an 
irdinary bleached cellulose, which might be expected to cause 
nstability, has really no effect in this duection. It also appears 
hat instability may be due to by-products of the esterification 
jrocess derived from the cellulose itself. 

The investigation was then extended to licjuids having a 
lirect solvent action on these higher nitrates, more especially 
tcelonc, It was necessary, however, to avoid this solvent 
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action pioper, and having observed that dilution with water in 
increasing proportions produced a graduated succession of 
physical changes in the fibrous ester, wc carried out a series of 
treatments with such diluted acetones. Quantities of the 
sample (A), puiified as described, but still unstable, weie 
treated each with five successive changes of the particular 
liquid, afterwards carefully freed from the acetone and diied at 
4o‘’C* The products, which wcie found to be more or less 
disintegrated, were then tested by the oi din ary heat tost, 
stability test, and explosion test, with the results sliown in the 
tabic on next page. 

In this series of trials the sample ‘ A ' was used in the con- 
dition of pulp, VIZ. as reduced by the process of wcl-beating in a 
liol lander. A similar sciies was carried out with the guncotton 
in the condition in which it was directly obtained Ivom the ester 
reaction. The results were similar to above, fully confirming the 
progressive chaiacter of the stabilisation with increasing pro- 
portions of acetone, These results prove that washing with the 
diluted acetone not only rendered the nitiale perfectly stable, 
but that the product was more stable than that obtained 
by the ordinary proce.ss of purification, vh. long- con tin iied 
boiling and washing in water, We shall revert to this point 
after briefly dealing with the associated phenomenon of struc- 
tural disintegration. This begins to be well marked when the 
proportion of acetone exceeds 80 p.cl. The optimum effect is 
obtained with mixtures of 90 to 93 acetone and 10 to 7 water 
(by volume). In a slightly diluted acetone of such composition, 
the guncotton is instantly attacked, the action being quite 
different from the gelatinisation which precedes solution in the 
undiluted solvent. The fibrous character disappears, and the 
product assumes the form of a free, bulky, still opaque mass, 
which rapidly sinks to the bottom of the containing vessel, 
The disintegration of the bulk of the nitrate is associated with 
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ccrlaiii solvent action, and on adding an e(iiml bulk nf waUn*, 
1C dissolved nitmto for the most part is pivc'ipitated, at tlui 
imo time that the unclissolved but disint<?grated an<l sw(jll<ai 
rocluct uiulergoos further changes in the diriietion of inereasti 
r hardness and density. The product being now eoltected on 
filter, freed from acetone by washing with wtiier and drir'd, 
a Imrd and dcJise powder the fineness of which varies ucoortl- 
g to the attendant conditions of treatment, With the main 
‘odiict in certain cases there is found associated a small pro- 
iriioii of nitrate retaining a fibrous olmracler, which may 1)0 
iparated by moans of a fine sieve. On examining such a 
siclue, wc found it to contain only 5*6 p.ct. N, and as it was 
soluble in strong acetone, it may be regarded as a low nitrate 
• a mixture of such with unaltered cellulose. Confirming this 
s found that the product passing through the sieve showed an 
crease of nitrogen to I3'43 p.ct. from the t3'3t p.cU in the 
iginal. Tested by the heat tost (50 minutes) and stability 
St (no fumes after 100 minutes), wc found the products to 
^vc the characteristics previously noticed. 
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It is clear, therefore, that this specifically regulated action 
of acetone pioduces the effects (rt) of disintegration, and {h) 
stabilisation. It remains to determine whether the latter effect 
was due, as might be supposed, to the actual elimination of a 
compound or group of compounds present in the original 
nitrate, and to be regarded as the efifective cause of instability. 
It is to be noted first that as a result of the liealmcnl with the 
diluted acetone and further dilution after the specific action is 
completed, collecting the disintegrated product on a filler and 
washing with water, the loss of weight sustained amounts to 3 
to 4 p.ct. This loss is due, thciefore, to products remaining 
dissolved in the filtrate — that is to say, in the much diluted 
acetone. These filtrates are in fact opalescent from the presence 
of a portion of nitrate 111 a colloidal (hydrated) form. On dis- 
tilling off the acetone, a piccipitation is dclei mined. 'Die jire- 
cipiiates are nitrates of variable composition, analysis showing 
from 9 to 12 p.ct, of nitric nitrogen. The filtrate from these 
piecipilatcs containing only fractional residues of acetone still 
shows opalescence. On long- continued boiling a further pre- 
cipitation is determined, the filtrates from which arc clear. It 
was in this final clear filtrate that the product aHsumed to cause 
the instability of the original nitiate would be present. The 
quantity, however, is relatively so small that we have only been 
able to obtain and examine it as residue from evaporation 
to dryness. An exhaustive qualitative examination established 
a number of negative characteristics, with the conclusion that 
the products were not direct derivatives of carbohydrates nor 
aromatic compounds. On the other hand the following positive 
points resulted. Although the original diluted acetone extract 
was neutral to test papers, yet the residue was acid in character. 
It contained combined nitric groups, fused below 200’' giving 
off acid vapours, and afterwards burning with a smoky flame. 
On adding lead acetate to the original clear solution, a well- 
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marked precipitation was determined. I'he lead compounds 
thus isolated are characteiistic, They have been obtained in 
various ways and analysed. The composition vaiies willi the 
character of the solution in which the lead compound is forined, 
Thus in the opalescent or milky solutions in which a proportion 
of cellulose nitrate is held in solution or semi-soluliun by the 
icctone still present, the lead acetate causes a dense coagulation. 
The precipitates dried and analysed showed 16-20 p.cL, TbO 
ind 1 1-9 p.ct, N. It is clear that the cellulose nitrates 
ire associated in these precipitates with the loud salts 
Df ttie acid compounds in question. When the latter are 
obtained from clear solutions, i.c. in absoiirc of cellulose 
litiates, they contain 60-63 3’S P'^b N 

obtained as NO). 

In fiiilhcr confiimation of the conclusion from those resuUs, 
'i/., that the nit rocellu loses with no tendency to combine 
dth PbO arc associated with acid products or l)y-producUs 
)fthe ester reaction combining with the oxide, tbo lead reagent 
/as allowed to react in the presence of 90 p.ct. acetone. Water 
/as added, the disintegrated mass collected, washed with dilute 
cetic acid, and finally with water. Various estimations of tlie 
^bO fixed in this way have given numbers varying from 2 to 
*5 p.ct, Such products are perfectly stable, This particular 
fleet of stabilisation appears, therefore, to depend upon the 
ombination of certain acid products present in ordinary nitro-* 
qHuIosgs with metallic oxides. In order to further verify this 
oncliision, standard specimens of cellulose nitrates have been 
cated with a large number of metallic salts under varying con- 
itions of action, It has been fiimlly established (x) that the 
Ofects in question are more particularly dcteimined by treatment 
ith salts of lead and zinc, and (2) that the simplest method of 
eatment is that of boiling the cellulose nitrates with dilute 
RUGOUS soliuions of salts of thc.se metals, preferably the acetates, 
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The following results may bo cited, obtained by boiling a 
purified ^seivice* guncotton (sample C) witli a i p,ct, solution 
ol lead acetate and of zinc acetate respectively. Alter boiling 
60 minutes the nitrates weie washed free fiom the soluble 
metallic salts, dried and tested. 
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In conclusion wo may briefly resume the main jioints 
arrived at in these investigations. 

Causes of instabiliiy of cellulose nitmks , — Tho results of 
our experiments so far as to the causes of instability in cellulose 
nitrates may bo summed up as follows : — > 

(t) Traces of free nitrating acids, which can only occur in 
the finished products through careless man 11 fae Lure, will un- 
doubtedly cause instability, indicated strongly by the ordinary 
heal tost at So*", and to a les.s extent by the iieat test at 13/1*^. 

(2) Other compounds exist in moie intimate association 
with tho cellulose nitrates causing instability which cannot be 
removed by exhaustive washing with either hot or cold water, 
by digestion in cold dilute alkaline solutions such as sodium 
carbonate, or by extracting with ether, alcohol, benzene, &c, ; 
these compounds, liowcver, aie soluble in the solvents of highly 
nitrated cellulose such as acetone, acetic ether, pyridine, &c., 
even when these liquids are so diluted with water or other non- 
solvciiL liquids to such an extent that they have little or no 
solvent action upon the cellulose nitrate itself. Those solutions 
containing the bodies causing instability arc neutral to test 
paper, but become acid upon evaporation by heating. (This 
probably explains tho presence of free acid when guncotton is 
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urificd by long-continued boiling in water without any ncutra- 
sing agent being present,) 

(3) The bodies causing instability arc products or by^- 
roducLs of the original ester reaction, acid bodies conlaining 
Itroxy-groupSi but otherwise of ill -defined characteristics, 
hey combine with the oxides of zinc or lead, giving insoluble 
)mpounds. They aie precipitated from their solutiojis in 
luted acetone upon the addition of vsolublo salts of tlicse metals, 

(4) Cellulose nitrates arc rendered stable cillier by olimina- 
ig these compounds, or by combining them with the oxides 
* lead or zinc whilst still in association with cellulose nitrates, 

(5) Even the most perfectly purified nitrocellulose will 
}wly decompose with formation of unstable acid pioducls by 
)iling foi a long lime in water, I’liis olTect is much more 
paient at higher tcmpeiaturos, 

Dense sfruciurekss or non-fibrous cetintose nitrates can be 
liistrially prepared (i) by nitratiiig the amorphous forms of 
lluJose obtained from its solution as sulphocarhonuto (viscose), 
le cellulose in this condition reacts with the closest similarity 
the original fibrous cellulose; the products are similar iii 
inposition and properties, including that of instability, 

(2) ] 3 y treating the fibrous cellulose nitrates with li(iiiid 
vents of the high nitrate diluted with non-solvciU liqukls, and 
)ic especially water. The optimum effect is a specific dis- 
egration or breaking down of their fibrous structure quite 
tinct from the gelatinisaiion which precedes .solution in the 
[diluted solvent, and occurring witliin nairow limits of viuia- 
n in the proportion of the diluting and non-solvcnt liejuid — 
industrial work the most convenient solution to employ is 
lone diluted with about 10 p,ct, of water by volume. 

The industrial applications of these results are tlie 
is of English patents 5286 (1898), j8,868 (1898), 18,233 
98), Luck and Cross (this Journal, 1899, 400, 787). 

K ^ 
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The structincless guncotton prepared as above de- 
scribed IS of qiute exceptional character, and entirely 
distinct from the ordlnaiy tilM-ous nitrate or the nitiato pie- 
pared by precipitation fioin actual solution in an undiluted 
solvents Jly the process descrilied, the nitrate is obtained at 
a low cost in the form of a very fine, dense, stuictureless, white 
powdei of gieat purity and stability, entirely free from all 
mechanical impurities. The elimination of tliese mechanical 
impiuities, and also to a very great extent of coloured compounds 
contained in the fibrous nitrate, makes the product also useful 
in the manufiicline of celluloids, artificial silk, tSic., whilst its 
very dense form gives it, a great advantage over ordinary fibrous 
guncotton for use in shells and torpedoes, and for the manu- 
facture of gelatinised gunpowders, It can be compressed 
with ease into hard masses ; and experiments are in progress 
with a view of pioclucing fiom it, in admixture with ^re- 
taining* ingredients, a military explosive jnanufuctured by 
means of oiclinary black gunpowder machinery and processes. 

Manufacltoe oj sporting pimiUi . — 'The facjl that the fibrous 
structure of oiclinary guncotton or oilier cellulose nitrote can be 
completely or partially destroyed by treatment with diluted 
acetone and without attendant solution, constitutes a process of 
value for the manufacture of sporting powder liuving a base of 
cellulose nitrate of any degree of nitration, The following is a 
description of tlie hardening process. 

‘Soft grains* are manufactured from ordinary guncotton or 
other cellulose nitrate cither wholly or in combination with 
other ingredients, the process employed being the usual one 
of revolving in a dium in the damp slate and sifting out the 
grains of suitable size after drying. These grains are then 
treated with diluted acetone, the degree of dilution being 

^ With these products it is easy to observe that they have a definile 
fusion point 5^-10® below the tempcratiire of explosion, 
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xed according to the hardness and bulk of the finished grain 
is desired to produce (J. Soc. Chem. Ind., 1899, 787). 
)wing to the wide limits of dilution and correaponding effect, 
le process allows of the production of either a ‘ bulk ‘ or a 
:ondenscd ’ powder. 

Wo prefer to use about five lities of the li<juid to each one 
lo. of giain opeiated upon, as this c|Hantily allows of the grains 
eing freely suspended in the li<juid upon stirring. 'J'he grains 
•e run into the licpiid, which is tlien preferably healed lo the 
jiiing-poiiu for a few minutes whilst the whole is gently 
irred. Under this treatment the grains assume a more or less 
»unded gelatinous condition arcoiding to the strength of the 
juid. There is, however, no solution of the gun(!Otton and 
actically no tendency of the gtains lo coitere. 15 aeh grain, 
nvever, is acted upon ihrmt^^tioiit a.nA perfectly e</ualfy. After 
few minutes’ treatment, water is gradually added, when the 
ains rapidly harden. They are then freed from acetone and 
ilain impurities by washing with water, heating, and drying, 
le process is of course (airied out in a vessel ])iovide(l with 
y means for gentle stirring and heating, and with an outlet 
caiiying off the volatilised solvent which is entirely recovered 
condonsalioii, the grains parting with the acetone with ease. 
Stabilising cellulose nitrates.— l>roce.s.s is of e.sj)ucial 
luc in rendering stable and inert the traces of unstable 
npounds which always remain in cellulose nitrate after the 
Unary boiling and washing process. It is of greatest value 
the manufactuie of collodion cotton used for the preparation 
gelatinous blasting explosives and all explosives comiiosed 
nitroglycerin and celluIo.se nitrates. .Such mixtures sitein 
ailiarly liable to decomposition if the oellulo.se nitrate is not 
exceptional stability (J. .Soc. Chem. Ind,, 1899, 787). 


i 
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KMPI.OI DK LA CErXULOSE POUR LA Ji’AimiCA^ 
TION DE FILS J3RILLANTS IMITANT LA SOIE. 

JC. BKONNiCHT(r) (Rev. Meal. Col., 1900, September, 267). 

V. USE OF CELLULOSE IN THE IVIANUFACTURE OF IIVIJTA- 
TION8 OF SILK (LU8TRA-CELLUL0SE). 

(p, 45) Jniroiiucilou.’-^\!\\{i. pi*oI)lem of spinning a con- 
tinuous thread of (Cellulose has received in later years several 
,s<)Iuti()ns, Meeliunically all resolve themselves into the 
prepauuion of a slnuUureless filtered solution of cellulose or 
a cellulose (Itaivativc, and fou'ing thiough ('a))illary oiifices 
into S()me medium which either absorbs or decomposes the 
solvent. The author notes hero that the fineness and to a 
great extent the softness of the product depends upon the 
dimensions of the ca})illary orifu’o and concentration of 
the solution, The tochnmal idea involved in the si)inning 
of artificial fibres is an old one. Ki^aumur (2) forecast its 
))0ssil>illly, Audenmr.s of Jiiiusanne took a patent as early as 
(3) transforming nitrocellulose into fine filaments 
which he called ^irtificial silk.' The idea took practical slmpe 
only when it came to ho used in connection with filaments for 
int^andescenl lamps. In this connection we may mention the 
names of the patentees : — Swinburne (^i), Crookes, Weston (5), 
Swan (6), and Wynne and Powell (7). These inventors 

prepared the way for Chardoimet's work, which has been followed 
.since 188B with continually increasing success. 

At this date the luslra-celluloso,s known may be divided 
into four classes, 

1. ^Artificial silks ' obtained from llie nitrocelUiloses. 

2. *Liistra-celIulose' made from the solution of cellulose 
in cuprammonium. 

3. * Liisira-celluloBe ' prepared from the solution of cellulose 
in chloride of ^inc, 
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4. ^ Viscose silks/ by the decomposition of siilphocarbonate 
of cellulose (Cross and Bcvan). 

Group i. The early history of the Chavclonnet process is 
discussed and some incidental causes of the earlier failures are 
dealt with. The process having been described in detail in so 
many publications the reader is refeircd to these for details, 
[See Bibliography, (i) and (2), (3) and (4).] The donitrating 
licatincnt was introduced in the period i888-po and of course 
altogetber changed the prospects of the industry; not only docs 
it remove the high inflammability, but adds consi(liiral)!y to 
softness, lustre, and general textile (luality. In Tat)lc i will 
be found some important constants for the nitioecllulose fibre; 
also the fibie after denitration and the comparative constants 
for natural silk, 

Tahlij I. 


- 

Tcimcily 

(Brnmmes) 

KtfiHticUy 

{%elougiiUon) 

Nitrocellulose accoiding lo Cbardonnct, 



German Patent No, 81,599 , , , 

150 


The same after denitration 

iro 

H 

Deni Ira ted fibre moistened with water 
Nitrocellulose : BronnerPs German Patent 

25 


No. 93>oo9 

The same after denitration idry) , , 

The same after denitration (welted) , , 

125 

28 

ir5 

n 

32 

Natural silk 

300 

18 


1. Ten^icity is the weight in grammes re(| aired to break the lliread, 

2. ElavSticity is the elongation per cent, at breaking, 

The numbers arc taken for thread of ioodenier8(,i50 melrcH of 0*05 
grammes^i i denier), Itmust be notcdtliat according to the concentration 
of the solution and variations in the process of denitration the constants for 
the yarn aie subject to very considerable variation. 

In regard to the manufacture a number of very serious 
difficulties lmvei)cen surmounted, First, instead of drying the 
nitrated cellulose, which often led to fires, il was found 
better to take il moist from the centrifugal machine, in which 
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condition it is dissolved (5). It was next found that with 
the concentrated collodion the thread could be spun direct 
into the air, and the use of water as a precipitant was thus 
avoided. 

With regard to denitration whicli is both a delicate and 
disagreeable operation ; none of the agents recommended to 
substitute the sulphydrates have proved available. Of these 
the author mentions ferrous cliloride (6), ferrous chloride in 
alcohol (7), formaldehyde (8), sulphocarbonates. 'bhe different 
sulphydrates (9) have very cliflerent effects. The calcium 
compound tends to harden and wcak(m the thread. Thi^ 
ammonia compound requires great care and is costly, Tha 
magnesium compound woilcs rapidly and gives the slronge.sl 
thread. Investigations have established the following point. 
In practice it is not necessary to combine the saponificnlion of 
cellulose ester with complete reduction of the nitric acid 
split off. The latter requires eight molecules of hydrogen 
siilpliido per one molecule tetranitrocellulosc, but with pre- 
cautions four molecules sufllce. It is well knowji that the 
denitration is nearly complete, traces only of nitilc groups 
surviving. Their reactions with dit)heny!amine allow a certain 
identification of artificial silks of this class. Various other 
inventors, e.g. Du Vivicr (10), Cadorot (n), Dehner (12), 
have attempted the addition of other substances to modify the 
thiead, These have all hiilcd. Lehner, who persisted in liis 
investigations, and with success, only attained this success, 
however, by leaving out all such extraneous matters. lAihner 
works with to p.cU solutions; Chardonnet 1 ms continually 
aimed at higher concentration up to 20 p.cl. Lehner has been 
able very much to reduce his pressure.s of ejection in con- 
sequence ; Chardonnet has had to increase up to pressures of 
60 k, per cm. and higher. The latter involves very costly 
dislribiiting appaiatus. Lehner made next consideiable advance 
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3y the discovery of the fad that the addition of sulphuric acid 
:o the collodion caused increase of fluidity (13), which Lehiier 
Lltributes to molecular change. Chardonnet found similar 
esuUs from the addition of aldehyde and other reagents (i.|), 
)ut not such as to be employed for the move concentrated 
lollodions, The author next refers to his discoveries (15) that 
-Icoholic solutions of a number of substances, organic and 
norganic, ficely dissolve the lower cellulose nitrates, The 
nost satisfactory of these substances is chloride of calcium (id), 
t is noted that acetate of ammonia causes rajiid changes in 
ho solution, which appear to be due to a species of hydrolysis, 
'^he result is sufliciently lemarkable to call for fiulher invesliga- 
ion, The chloride of calcium, it is tlioughi possible, produces 
cliiGci combination of the alcohol with a reactive group of the 
itroccllulosc, The /luidlly of this solution using one mol. 
laCl^ per i mol. tetuanitrate (17) reaches a maximum in half 
n hour*s healing at 6o®-7o°C. The fluidity is incrtjasecl by 
Larling from a cotton which has been previously mercerised, 
ifter nitration there is no objection to a chlorine bleach, Char- 
onnet has found on the other hand that in i>leuching l)efore 
ilration Iheic is a loss of spinning quality in the collodion, The 
Lithor considers that the new collodion can be used entirely in 
lace of the ordinary ether-alcohol collodion. With regard to 
le pioperties of the denitraied juoducts they fix all l)aHie 
)lours without mordant and may lie regarded as o.xycellulose 
lereforc, The density of the thread is from 1*5 to i’5S. The 
iread of 100 deniers shows a mean breaking strain of 120 
amines with an elasticity of 8-12 p.cL The cardinal defect 
these filircs is their property of combination with water, 
any attempts have been made to confer water-resistance (i 8), 

It without success. Strehloneit has proposed the addition of 
rmaldehyde (19), but this is without result (20). In reference 
tliese effects of hydration, the author has made ol)sevvalioiis 
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on cotton thread, of which the following table represents 
the numeiical results ; 

Strain 

Mean of 20 oxperimenla 

Skein of bleached cotton without treatment . , , 825 

Skein of bleached cotton without treatment, but wetted , 943 
Ditto after conversion into hexa nitrate, dry , , , 884 

The above, wetted 828 

The cotton deni tra ted fiom above, dry , . , ♦ 529 

The cotton deni ti a ted as above and wetted * . . 206 

The author considcis that other patents^ which have been 
taken for spinning nitrocellulose are of little puictical account 
(2 1) and (22), The same conclusion also applies to the i)rocess 
of Zang/taus, who proposes to spin solutions of cellulose in 
sulphuric acid (23) (24) and mixtures of sulphuric acid and 
phosphoric acid, 

Group 2* LusUa-ceUnlose, — Thread prepared by spinning 
solutions of cellulose in cuprammonium, 

This product is made by the Vereinigte Glan^'.stoff-Fabrikon, 
Aachen, according to a seiies of patents under the names of 
H, Pauly, M. Fremery and Urban, Consoitium mulhousien 
pour la fabrication do fils brillanls, F, BronnorL, and IC, 
Bronnert and Fremery and Urban (i). The first patent in this 
direction was taken by l^cspeissis in 1890 (2), It appears lliis 
inventor died shortly after taking the patent (3), Thu manor 
was later developed by Pauly (4) especially in overcoming 
tlio difiScuUy of preparing a solution of sufTicicnl concentration. 
(iLis to be noted that Pauly's patents lost upon a very slemlor 
foundation, being anticipated in every essential detail by the 
previous patent of Despeissis.) For this very great care is 
required, especially, first, the conditionof low temperature, and, 
secondly, a regulated proportion of copper and ammonia to 
cellulose. The solution lakes place more rapidly if the cel- 
lulose has been previously oxidised, Such cellulose gives an 
8 p,ct, solution, and the thread obtained has the character of an 
oxy-cellulose, specially seen in its dyeing properties. The best 



Lustm-ccllulose 


59 


results are obtained, it appears, by iho preliminary mercerising 
treatment and placing the alkali cellulose in conlact with copper 
and ammonia. (All leagents employed in inoleculiir propor- 
tions.) The auihoi notes that the so •< cal led hydrocellulose 
(Girard) (5) is almost insoluble in cupiammoniuni, asi.s starch. 
It is rencleied soluble by alkali treatment. 

Group 3. Lustm-ccllulose prepared by spinning a solution 
of cellulose in concentrated chloride of zinc. 

This solution has been known for a long time anti used 
for making niament.s for incandescent lamps. The cellulo.so 
threads, however, have very little tenacity. I'his is no doubt 
due to the conditions necessary for forming the soliiiion, the 
prolonged digestion causing powerful hydrolysis (t). Neither 
the process of Wynne and Powell (2) nor that of Dreaper and 
Tompkins (3), who have endeavoured to bring the matter to 
a practical issue, are calculated to produce a thiead taking a 
place as a textile. The author has clesciihecl in his American 
patent (^|) a method of effecting the solution in the cold, viz. 
again by first moiceiising the cellulose and washing away the 
caustic soda. This product dissolvc.s in the cold and llio 
solution remains unaltered if kept at low temperature, Kxpeii- 
ments are being continued with these modifications of the 
process, and the author anticit)ates successful results. The 
mocUfications having the effect of maintaining the higli mole- 
cular weight of tlie cellulose, il would apj)ear that these 
investigations confirm the theory of Cross and lievan that the 
tenacity of a film or thread of stiuctureless regenerated 
cellulose is directly proportional to the molecular weight of the 
cellulose, i.e. to its degree of molecular aggregation (5). 

Group /j, * Viscose’ silks obtained by spinning solutions 
of xanthato of cellulose. 

In 1892, Cross and lievan patented ibc preparation of a 
new and curious compound of cellulose, the thio-carbonatc (i) 
(2) (3), Great hopes were based upon this produci: at the 
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time of its discovery. It was expected to yield n considerable 
industrial and financial profit and also to contiibuto to the 
scientific study of cellulose. The later patents of C. H. Steam 
(4) desciibe the application of viscose to the .spinning of 
artificial silk. The viscose is projected into solutions of chloiide 
of ammonium and washed in a .succession of saline solutions to 
remove the residual siiljihur impurities, The author remarks 
that though it has a ceilain interest to have succeeded in 
making a thread from this compound and thus adding another 
to the processes existing for this purpose, ho is not of opinion 
that it shows any advance on the luslra'-cellulose (2) and (3). He 
also considers that the bisulphide of carbon, wliich must be re- 
garded as a noxious compound, is a smious bar to the Indus tiial 
use of the process, and for economic work he considers that the 
regcneiation of ammonia from the precipitating liquors is 
necessary and would be as objectionable as the donitialion baths 
in the collodion process. The final product not being on the 
market he does not pronounce a finally unfavoiuable opinion. 

The author and the Vereiniglo Glanzstoff-Fabriken after 
long investigation have decided to make nothing but the 
lustra-cellulose (2) and (3), A new factory at Niedeimorsch- 
weiler, near Mulhousc, is projected for this last production. 
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and Urban). English Pat, 18884, Sept, ig, 1899 (Bronnen), Engllah 
Pal, 13331, June 27, iSgg (Consort, mulhousicn). 

(2) French Pat. 203741, Feb. 12, 1890. 

(3) The actual lapse of this patent is due to the death ol DcBpoiBBis shortly 

after it was taken. 
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(4) Without (jucslioning the good faith of Pauly, It is nevertheless a fact 

that thooiiginal patent remaina as a document, andtherefoie that the 
value of the Pauly patents is very questionable. 

(5) Giiard, Ann, Chini. et Phys, i88i (5), 24, p. 337 " 384 * 

Group IIX 

(1) Cross and Bevan, Cellulose, i8()5, p. 8. 

(2) English Pat, 16805, Dec. 22, 1884, 

(3) English Pat, X7<)oi, July 30, 1897. 

(4) nronncit, Ameiican Pat. 646799, April 3, 1900, 

(5) Cross and Bevan, Cellulose, 1895, p, 12, 

Group IV 

(1) Englifili Pat. 8700, 1892, German Pat, 70999, Jan. 13, 1893. 

(2) English Pat, 4713, 1896. German Pat. 92590, Nov. 21, 189O, 

(3) Complcs rcndim (loc, cit,), Bcrichtc, c, 9, 65a, 

(4) English Pat, 1020, i8g8, German Pat, 1085 it, Oct. 18, 1898, 


Artifloial Silk— Lustra-oellulose, 

C. F. Cross and ll. J. Bevan (J. Soc, Cliem, Tnd,, T896, 317). 

The object of this paper is mainly to correct ciirrenl state- 
ments as to the artificial or ^celliiloHe silks' being explosive 
or highly innammablo 1895, 720), A specimen of the 

'Lchner’ silk was found to retain only 0*19 p.ct, total nitrogen, 
showing that the denitration is sufficiently complete to dispose 
of any suggestion of high inflammability. 

The product yielded tnaces only of furfural ; on boiling with 
a 1 p.ci, solution of sodium hydiaic, the loss of weight was 
9*14 p.ct. ; but the solution had no reducing action on 
Fehling’s solution. The product in denitration had therefore 
reverted completely to a cellulose (hydrate), no oxy- derivative 
being present. 

The authors enter a protest against the term ^artificial 
silk ’ as applied to these products, and suggest ^ lustra-ccllu- 
lose/ 



Lnstm-celhi lose 6 3 

Dili KUNSTLICHE SEIUE— HIRE HERSTJCIXUNC;, 
EIGENSCHAFrEN UND VERWENDUNa 

Caul Suvuun, Rcrlin, 1900, J. Spriiij^cr, 

ARTIFICIAL SILK— ITS PRODUCTION, PROPERTIES, AND 
APPLICATIONS- 

This work of some 130 pagos is an imponant monogiaph 
>n the subject of the prepavation of artificial cullitloso threads 
—so far as the technical elements of the problems involved urc 
lisciissed and disclosed in the patent literature. Tlie first 
lection, in fact, consists almost exclusively of the several i)atent 
ipecifications in chionological order and rang(jd under the 
aib-soctions ; («) The H|)inning of Nitnx'ellulose (collodion) ; 
i) The Spinning of other Solutions of C.Vllulose; (c) The 
Spinning of Solutions of the Nitrogenous Colloids, 

In the second s(‘Ciion the author deals with the iihysieal 
incl chemical proportions of tile uitificial threads. 

Chanlonmi ^si)k' is staled to have a moan diameter of 
55/1, but with considerable variations from the menu in tlie iiuli- 
/idual fibres ; ecjually wide variations in form are observed in 
noss-section. The general form is elliptical, but the siirfacu is 
narked by deep strice, and the cross-section is therefore of ir- 
■egular outUno, This is duo to irregular conditions of ovapora- 
ion of the solvents, the thread being ‘ spun ' into the air from 
cylindrical orifices of regulated dimensions, Cluirdonnct slates 
hat when the collodion is spun into alcohol the resullant 
bread is a perfect cylinder (CompL, rend, 1889, 108, 962). 
The strength of the fibre is variously stated at from 50-80 p.cl, 
that of * boiled off' China tram; the true elasticity is -^-5 
p,ct., the elongation under the breaking strain iS**i7 P‘Ot. 
rhe sp.gr. is I ’49, U, 3-5 p.cl, in excess of boiled off silk. 

Lehncr ^ silV exhibits the closest similauty to the Char- 
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do II net product. In cross -section it is seen to be more regular 
in outline, and a round, pseudo- tubular form prevails, duo to 
the conditions of shrinkage and collapse of the fibre in parting 
with the solvents, and in then dehydrating. The constants for 
^ breaking strain/ both in the original and moistened condition, 
for elasticity, &c., are closely approximate to those for the 
Chardonnet product. 

Pauly ^ slikl — >Thc form of the ultimate fibres is much moie 
legular and the contour of the cross-section is smooth. The 
product shows more resistance to moist me and to alkaline 
solutions. 

Visme *sll/i'b referred to in terms of a communication 
appearing in ^ Papicr-Zeitung,' 1898, 2416, 

In the above section the following publica lions arc referred to : 
Chardonnet, * Compi, tend.,' 1887, 103, goo; and i88p, toH, gCa; 
Silbermaun, ‘Die Scidc»‘ 1897, v. 2, 143; Heizog, ‘ Farbcr-;iclUing/ 
i8q4/3, ^J9-5o; Thiele, ibid. 1897, 133; 0, tichlesinger, ‘Papici- 
Zeitung,’ 1895, 1578-81, r6io-i2. 

Ac/lou of licagetils upou Natural and Ariifuial .SVWj. 

1. Potassium hydrate in solution of maximum concenlra- 
lion dissolves the .sillc.s proper, (a) China silk on slight warm- 
ing, {//) Tussah silk on boiling. The cellulose ^ silks* show 
swelling with discolouration, but the fibrous chaiacter is not 
destroyed even on boiling. 

2. Potassium hydrate 40 p.cl. China silk dissolves com- 
pletely at 65^-85** ; Tussah silk swells consideiably at 75^ and 
dissolves at Ioo**-I2o^ The cellulose ^silks * arc attacked 
with discolouration ; at 140° (boiling-point of the solution) there 
is progressive solvent action, but the action is incomplete, 
The Pauly product is most resistant. 

3. Zinc chloride^ 40 p.cl, solution, Both the natural silks 
and lustra-celluloses are attacked at loo"*, and on raising the 
temperature the further actions are as follows : China silk is 
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completely dissolved at no'i2o°; Tussah silk al i3o*'i35''; 
he collodion products at 140-145°; the Pauly product was 
Lgain most resistant, dissolving at i8o°* 

4* yllkaiine cupric oxide (glycciin) solution was prepared 
3y dissolving 10 grs. of the snip hale in 100 cx. water, adding 
; grs. glycerin and 10 c.c. of 40 p,ct. ICOH. In this solution 
he China silk dissolved at the ordinary temperature ; Tussah 
lilk and the lustra- celluloses were not appreciably affectecl. 

5, Cup} ammonium solution was prepared by dissolving 
he precipitated cupric hydrate in 24 pxt, ammonia. In this 
eagent also the China silk dissolved, and the Tussah silk 
IS well as the lusLra-celluloses underwent no appreciable 
change, 

6, An ammoniacal solution of nickel oxide was picpared 
3y dissolving the precipitated hycUated oxide in concentrated 
immonia, The China silk was dissolved by ihis reagent ; 
Tussah si’k and the lustra-celluloses entirely resisted its action. 

7, Fehlinfs solution is a solvent of the natural silks, but is 
without action on the lustvaxolluloses, 

S, Chromic acid — 20 j).ct, CiOy — ‘solution dissolves both 
he natural silks and the lustra-cclluloscs at the boiling tem- 
:)eraLure of the solution. 

9. Milton's reagent^ at the boiling solution, colours the 
latLiral silks violet : the lustra-celluloses give no reaction, 

10. Concentrated nitric acid attacks the natural silks 
Dowerfully in the cold ; the lustra-celluloses dissolve on healing, 

n, Iodine soluiion (I in KI) colours the China silk a 
leep brown, Tussah a pale brown; the celluloses from 
collodion are coloured at first brown, then blue, The J^aiily 
product, on the other hand, does not react. 

1 2. Diphenylamine sulphate .— solution of the base in coji- 
:cntrated sulphuric acid colours the natural silks a brown; 
the collodion * silks' give a strong blue reaction due to the 

F 
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[noscn(‘o of roskliuil niuo- g»*oiips, Tho Pauly prodiicL is not 
afroctccl. 

13. Bntcin sul/>kufe in presonuo of (ion(^oniraled sulphuric 
acid colours the natural silks only slightly (hrown) ; the* 
(collodion * silks* give a strong red colouration. The Pauly 
prodncJt again is without reaction. 

Tij. }Fo/c /\ — ■The natural silks do not soften in tlie mouth 
us do the lustru-celluloses. 

15. iFa/ej- of iomlilion was determined by drying at 
roo^; the following iKjrcentuges resulted (^?). *Vbc percen- 
tages of water { 6 ) taken up from the atmosi)liere tiller furty- 
tliree hoiuV exposure were; 



(rt) 

Kh) 

China (law) wilk 

♦ • 7‘97 

2’24 

TuMBah Bilk . . . 

, . 8'20 

5 '00 

Lustra-cellitloses ; 

Chardonnet (HeHUii^on) 

. 10 ‘37 

S'fH 

,, Spreitcnbach 

. . ii’iy 

S77 

i.ehner , ♦ . ♦ 

. , X 071 

5 '97 

Puiiiy .... 

, . I 0 ’ 0 .| 

C'O'I 


16. Jkhaviouv on healing at 200®. — •After two hours* lieat- 
ing at this temperature the following changes were noted : 

Ciiina Bilk Much diacolonired (brown), 

TuBsah silk Hcarccly alTcciccL 

Lustra-celluloses ; 

Clmrcloniict f Converted into a blue-black charcoal, retaining the 
Lehncr I form of the fibrea. 

^ . r A bright yellow-brown colouration, witjiout car- 

l bonisation. 

17, The losses ofiveight accompanying these changes and 
calculated per 100 parts of fibre dried at roo® were : 


China silk 
Tubs ah silk 


3'i8 

a *95 
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Lustia-celluloses ; 

Ciiardonnet 337^ 

Leliner aG’Sf) 

Pauly 

18, Ino}gantc const iiuenh. — -Deter minalions of the total ash 
ive for the first five of the above, numbers varying from I'o to 
7 p.ct, The only noteworthy point in the comparison was 
le exceptionally small ash of the Pauly pi ocluct, vh, 0*096 p,ct. 

19. 21?/^:/ nitrogen, — -The natural silks contain the 16-17 
.ct. N characteiistic of the proleids, The lustra-cullulosus 
mtain 0*05-0*15 p,ct N which in those spun from collodion 
present in the form of nitiic groups, 

The points of chemical differentiation which are established 
^ the above scheme of compai alive investigation are summed 
p in tabular form, 

Methods of dyeing, — The lustra-colluloses arc Iniefly tlis- 
issed, The specific relationship of these forms of cellulose 
> the colouiing matters arc in the main those of cotton, hut 
icy manifest in the dye-bath the somewhat intensified 
traction which characterises mercerised cotton, or more 
merally the cellulose hydrates, 

Industrial applications of the lustra-celluloses arc briefly 
3ticed in the concluding section of the book, 


UEBER CELLULOSE. 

, Bumcke und R. Wolffenstein (Bcrl. Ben, 1899, J1493), 

(p. 54) Theoretical Preface, — ^The purpose of these inves- 
Rations is the closer characterisation of the products known 
' oxycelliilose ' and Miydraccllulosc,’ which are empirical 

,gregatcs obtained by various processes of oxidation and 

F 2 
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hydrolysis ; lIkjso prorossus acL ronciiiTontly in the production 
of the ojiyct!llul(>s(^H. The action of hydrogen peroxide was 
siHicially inv(!stiguU;cl. An oxycellulose resulted possessing 
strongly marked aldehydic tdiaiw’lerisilcs. 'Vhu authors 
('omniit iheniscflvt's to un exidaimtion of this paradoxical 
result, the production of ii liocly of strongly ‘ reducing ' 
propt!rlies hy tla* action of an oxidising agent upon the inert 
(Mllulose molecule (V aggregate) as due to the action 

of the pijioxulc : following Wurster (Her, 22, 1, 15), who similarly 
oNphiined the protluclion of reducing sugars from cane sugar 
hy tluwu'tion of the peroxide, 

'The product in {|ueslion is accoidiiigly termed hydral- 
crl/t//(fse* Hy the action of alkalis this is resolved into two 
hodujs <jf alcoholic (cellulose) and acid (^aeul cellulose chaiac- 
lerisiics resjna'lively, 'L'lie latter in drying passes into a lactone, 
The acid product is also obtained from cellulose hy the action 
of allmline lye (boiling 30 p.ct. NaOII) and hy solution in 
S<diwel/er’s reagenlt 

It is considered probable that the cellulose nitrates are 
l^ydro(:(dlntose derivatives, and experimental evidence in favour 
of this coiu'ltjsion is supplied by the results of * nitrating* the 
celluloses and their oxy- and hydro- derivatives, Identical 
j)roducts were oljtained, 

Kxl^crimenial btvesii^athns . — The filter paper employed as 
' original cellulose,* giving the following numbers on analysis : 

C .pp56 . 1^29 '14*53 'I'I’5<5 

n 6‘3g (5'3X 6*46 6’42 

was exposed to the action of pure distilled at 4-60 p.ct, 
strength, at ordinary temperatures until disintegrated : a result 
requiring from nineteen to thirty days. The series of products 
gave tlic following analytical results ; 

C ,i3‘Gi 43‘6i 43-46 43*89 44-0 43-87 43’92 43-81 

II 6'oo 6’5!9 6-;?8 0*^9 9-13 9*27 6*24 6-27 
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Gsults lying between the require men Is of the formuhe : 
SCflH,QOa.HaO and 8 C,IIioO,.HgO. 


-lydrazones were obtained with 17-1*8 p.ct, N, Treated with 
■austic soda solution the hydiazones were dissolved in part: 
>11 reprecipitation a hydrazone of unaltered composition was 
)btained. The oiiginal product shows therefore a uniform 
listribution of the reactive CO- groups. 

The hydralcellulose boiled with Fehling's solution reduced 
\ of the amount lequired for an equal weight of glucose, 

Digested with caustic soda solution it yielded 33 p.ct, of 
ts weight of the soluble *acid cellulose,’ This product was 
lurified and analysed with the following result: C 43*35 
-I 6*5, For the direct production of the ^ackr derivative, 
:ellulosc was boiled with successive quantities of 30 p, cl. NuOH 
intil dissolved. It required eight iroatments of one hour’s duia- 
ion. On adding sulphuiic acid to the solutions ilie iirodnct 
vas precipitated. Yield 40 p.ct. Analyses : 


C /13’8 43*8 

II 6*2 


* 13*7 

6*3 


The cellulose rcprccipitatcd from solution in Schweizer’s 
■eagent gave similar analytical results : 


43*9 .13*8 4^ 

6*5 6*3 6*^1 


Conversion into niiraics, — The original cellulose, hyclral- and 
icid cellulose were each treated with to times their weight of 
[-INOa of 1-48 sp.gr, and heated at 85"* until the solution lost 
ts initial viscosity. 

The products were precipitated by water and purified by 
iolution in acetone from which two fractions were recovered, 
he one being relatively insoluble in ethyl alcoliol The 
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vaiiouH nltmtos from the several original products proved to be 
of almost identical composition, 

C II ,\‘2 N rt'8 

with a m(;lecular weight approximately 1350, The conclusion 
is tliat the>se pioducts are all derivatives of a Miydralcellulose * 
f) CoH.oOJI.O, 


FORMATION OF h^URFURALDEIIVDK FROM CKLLU^ 
EOSK, OXYCFIJ.ULOSK, AND IIYDROCELIvULOSE. 

Hy Lko ViONON (Compt. rend,, i8y8, 126, t 3 SS-i 3 S^)- 

(p, 5^|) Ilydrocellulose, oxycellulose, and ‘ruducecr cellu- 
lose, tlie last named being apparently identical with hydrocollu- 
lose, were obtained by healing carefully piinTicd coUoji wool (10 
grams) in water (1,000 c,a), with (i) 63 c.r, of hydrochloiic acid 
(ra sp.gr,), (2) 65 c.c, of hydrochloric acid and 80 grams of po- 
tassium chlorate, (3) 6$ c.c. of hydrochloric acid and 50 grams 
of stannous chloride. lYom these and some oLlier substances, 
the following percentage yields of furfuraldchyde were obtained : 
Hydrocellulosc, 0*854; oxycellulose, 2’ii3; reduced cellulose, 
o'86o; starch, 0*800; bleached cotton, rSoo; oxycellulose, 
prepared by means of chromic acid, 3*500, Two specimens 
of oxycellulose were prepared by treating cotton wool with 
hydrochloric acid and potassium chlorate (A), and with 
sulphuric acid and potassium dicliromate (11), and 25 grams 
of each product digeslod with aqueous potash, Of the 
product A, i6'2o grams were insoluble in potash, 2*45 grams 
were precipitated on neutralisation of the alkaline solution, and 
6*35 grams remained in solution, whilst B yielded ii'i6 grams 
of insoluble matter, i’42 grams wore precipitated by acid, and 
X2'4a grams remained in solution. The percentage yields of 
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urfuraldchyde obtained from ihcso fractions were as follows ; 
A., insoluble, o‘86 ; precipitated, 4*35; dissolved, I’lo. B, 
insoluble, 0*76; precipitated, 5’ii; dissolved, 1*54, It 
ippears, from the foregoing lesults, that the cellulose iiioleculo, 
ifter oxidation, is easily decomposed by potash, the insoluble 
and laiger portion having all the chaiacleis of the original 
cellulose, whilst the soluble portion is of an aldchydic nature, 
and contains a substance, prccipitablc by acids, which yields a 
relatively large amount of furfuraldehydc* 


UNTEllSUCHUNGEN tJBER DIE OXYCELLULOSE. 

O* V* Faber und lb Toelens (Bcrh Her,, 1899, 2589). 

Investigations of Oxyoellulose, 

(p, 61) The author’s results are tersely summed up in the 
following conclusions set forth at the end of the paper : The 
oxy celluloses are mixtures of cellulose and a derivative oxidised 
compound which contains one more atom 0 than cellulose 
(cellulose c= and for which the special designation 

Celloxin is proposed^ 

Celloxin may be , formulated C^HoO,! or QHioOo, of 
which the former is the more probable. 

The various oxycelluloscs may bo regarded as containing 
one celloxin group to r-/| cellulose groups, according to the 
nature of the original cellulose, and the degree of oxidation to 
whiclr subjected. These groups arc in chemical union, 

Celloxin has not been isolated. On boiling the oxyccilu- 
loses with lime‘-milk it is converted into isosacchaiinic and 
dioxybutyric acids. The insoluble residue from the treatment 
is cellulose, 
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The following oxycelluloscs were investigated : 

A. Prod Hci of action of nitric acid upon pine wood (Lindsey 
and Tollens, Ann, 267, 366), — ^Tlie oxycelluloses contained 

, „ , r 2 mol. cellulose on 6 hours’ heating 

I mol. celloxin ; 4 , „ , 1 * , . 

I 3 mol. cellulose on 3 nouis beating 

with a ratio II ; O i : y and 1:87 respectively : they 
yielded 7 p.ct. furfural. 

B. By action of bromine in presence of water and CaCOg 
upon cotton. — Yield, (air-dry) 85 p.ct. Kmpirical composition 

^ CoHioOf^.CflHioOo : yielded furfural 17 p.ct. 

C. Cotton and nitric acid at locP^ two and a half hours 
(Cross and Bevan), — Yield, 70 p.ct. Composition 

CoHioO,.CoH80« 

yielded furfural 3 ’3 p.ct. 

D. Cotton and nittic acid at 100° (four hours).— A more 
highly oxidised product resulted, vh. 3 CflHjoOfi.CoIIgOj] 1 
yielded furfural 3*2 p.ct. 

By-products of oxidation . — The liquors fioin B were found 
to contain saccharic acid : the acid from C and ]l contained 
a dibasic acid which appeared to be tartaric acid, 

The isolation of (1) isosaccharinic and (2) dioxybutyiic acid 
from the products of digestion of the oxycelluloses with lime- 
milk at ICO® was effected by the separation of their respective 
calcium salts, (1) by direct crystallisation, (2) by piecipilation 
with alcohol after separation of the former. 


CELLULOSES, HYDKO-^ AND OXY- CELLULOSES, AND 
CELLULOSE ESTERS. 

L. ViGNON (Bull, Soc. Chim., 1901 [3], 25, 130). 

(o) Oxycelluloses from cotton ^ hemp, flax, and ramie . — The 
comparative oxidation of these celluloses, by treatment with 
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HCIO3 at loo^ gave remarkably uniform results, as shown by 
the following numbers, showing extreme variations ; yields, 
68-7op.cl, ; hydrazine reaction, N fixed 1*58-1*69; fixation of 
basic colouring matters (relative numbers), saffranine, 100-200, 
methylene blue, 100- 106. The only points of difference noted 
were (i) hemp is somewhat more resistant to the arid oxida- 
tion ; (2) the cotton oxycellulose shows a somewhat higher 
(25 p.cL) cupiic reduction, 

i^f) ^Saccharification' of cellulose^ cellulose hydf at cs^ ami 
hydrocellniose, — The pioducts were digested with dilute hydro- 
chloric acid six hours at 100°, and the ciipiic reduction of the 
soluble products determined and calculated to dextrose, 


100 grms, of 


gave reducing producln cqiml to UcxlroHe 


Piuificd cotton , 

.... 

, 3-29 

„ Hydrocelluloso , 

. 

. 970 

Colton merceilhcd (N.iOII 30^^ 

a.) . . . 

• 4*30 

Cotton nicicciihcd (NaOII 40^ 

H.) . . . 

* 3*51 

Cellulose leprccipiiatccl irom cuprunimonium 

- 4 '39 

Oxycellulose . , . 

, . , • 

. 1470 

Starch , ♦ , , 

, 

, q8'6 


These numbeis show that cellulose may bo hydrated both 
by mciceiisation and solution, without affecting the constitu- 
tional relationships of the CO groups. The results also dif- 
ferentiate the cellulose series from starch 111 logarcl to hydro- 
lysis, 

{c) Cellulose and oxycellulose nliratcs, — The nitric esters of 
cellulose have a stiong reducting action on alkaline copper solu- 
tions. The author has studied this reaction quantitatively for 
the esters both of cellulose and oxycellulose, at two stages of 
‘nitiation/ represented by 8*2-8‘0 p.ct. and i3'5-i3‘9 p.ci, 
total nitrogen in the esler-producls, respectively. The results 
are expressed in terms (c,c,) of the cupric reagent (Pasteur) 
reduced per too grs, compared with dextrose (=» 17767), 
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Cellulose maximum nitration (13*5 p,ct, N) . , . 3640 

Oxycellulose maximum miration (i3'q p.ct, N) ♦ , 3600 

Cellulose minimum nitration (8’ig p.ct. N) . , , 3700 

Oxycellulose minimum nitralion (8’56 p.ct, N) , ♦ . 3620 

The author concludes that, since the reducing action is 
independent of the degree of nitialioiii and is the same for 
cellulose and the oxycellu loses, the ester reaction in the case 
of the normal cellulose is accompanied by oxidation, the pro- 
duct being an oxycellulose eslei\ 

Products of ^ denitrationl ' — The esters were treated with 
ferrous chloride in boiling aqueous solution. The products were 
oxycelluloses, with a cupric reduction equal to that of an oxy- 
cellulose directly prepared by the action of liClOa* On the 
other hand, by treatment with ammonium sulphide at 35'*-4o® 
‘dcnitiatecr products were obtained without action on alkaline 
copper solutions. 


OXYCELLULOSES AND THE MOTJ 5 CULAR 
WEIGHT OF CELLULOSE. 

H, Nastuicofij* (Bed. Bcr, 33 [13] 2237). 

(p. 61) The author continues his investigations of the oxi- 
dation of cellulose, [Compare Bull. Mulhousc, 1892.] The 
products described wcic obtained by the action of hypochlorites 
and permanganates upon Swedish filter paper (Schleicher and 
Schlill), 

4. Oxidation by hypochlorites. — -(i) The cellulose was 
digested 24 hrs, with 35 limes its weight of a filtered solution 
of bleaching power of 4''B. ; afterwards drained and exposed 
for 24 hrs. to the atmosphere. These treatments were then 
repeated. After washing, treatment with dilute acetic acid and 
again washing, the pioduct was treated with a 10 p.ct, NaOH 
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solution, The oxyccllulose was x>rccipitaicd from the riliered 
solution ; yield 45 p.ct. The residue when puiifiecl amounted 
to 30 p.cU of the original cellulose, with which it was identical 
in all essential properties. 

The oxyccllulose, after purification, dried at 110°, gave the 
following analytical numbers : 

C 43*64 4378 43*32 43*13 

II G’17 6*21 5*98 C'o8 

Its compound with phenylhydrazine (loc, citi) gave the following 
analytical numbers : 

N 078 0*96 (>‘84 

(2) The reagents were as in (i), but the conditions varied 
by passing a stream of carbonic acid gas through tlie solution 
contained in a flask, until Cl compounds ceased to be given 
off, The analysis of the purified oxycellulose gave C 43*53, 
H 6*13. 

(3) The conditions were as in (2), hut a much stronger 

hypochlorite solution — viz. — was employecU The yield 

of oxyccllulosG precipitated from solution in soda lye {10 p,ct. 
NaOH) was 45 p.ct, There was only a slight residue of 
iinattackcd cellulose, The analytical numbers oblained were : 


Oxyccllulose 

c <l3'3t 

‘ 13 * 7*1 

<I 3'60 

♦j , * , ♦ 

H 6'47 

C’42 

O'SI 

Plienylhy<1iazine compound ♦ 

N '■ ■ 

*0'G2 



B. Oxidation hy permanganate (KMnO.^). (i) The cellu- 

lose 16 grms. was treated with tioo c.c, of a i p.ct, solution 
of KMnO^ in successive portions, The MnOy was removed 
from time to lime by digesting the product with a dilute 
sulphuric acid (10 p.ct. HgSO,|), The oxycollulose was purified 
as before, yield 40 p,ct. Analytical numbers : 

Oxyccllulose . , ♦ C 42*12 42*9 

,, . , . , H 6'20 r,'it 

Phenylhycliftzine compoiunl . N 1^5 fo8 1*21 
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(2) The cellulose (i6 grnis.) was digested 14 days with 
2500 c.c, of I p.cl. ICMnO^ solution. Tho puufied oxy- 
cellulose was identical in all respects with the above : yield 
40 p.ct. C 4 2 ’66, H 6*19. 

(3) The cellulose (16 gnus,) was healed in tho water- bath 

with 1600 c,c. of 15 p.ct. HgSO^ to which were added 18 grms. 
KMnO^. The yield and composition of the oxycollulosc was 
identical with the above. It appears from these results that 
the oxidation with hypochlorites adds i atom of O to 4-6 of 
the unit groups QHjoOc \ and the oxidation with permanganate 
2 atoms 0 per 4-6 units of The molecular pro- 

portion of N in the phcnylhydiuxine residue combining is 
fractional, representing i atom O, i CO group reacting per 
4 CgoHooOai and 6 respectively, assuming the 

reaction to be 'a hydrazonc reaction, 

Further investigations of the oxycclluloscs by treatment 
with (a) sodium amalgam, (/^) bromine (water), and (^:) dilute 
nitric acid at 1 10°, led 4 o no positive results. 

By treatment with alcoholic soda (NaOH) the products 
were resolved into a soluble and insoluble portion, the properties 
of the latter being those of a cellulose (hydrate). 

ATohciilar weight of cellulose and oxy cellulose ^ — -The author 
endeavours to arrive at numbers expressing these relations by 
converting tho substances into acetates by Schutzenbergor's 
method, and observing the boiling-points of their solution in 
nitrobenzene. 


FERMENTATION OF CELLULOSE, 

V. Omelianski (Compt, Rend., 1897, 125, ii3i“ii33), 

Pure paper was allowed to ferment in presence of calcium 
carbonate at a temperature of about 35* for 13 months. The 
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products obtain eel from 3*4743 grams of paper were ; acids of 
the acetic serioSi 2*2402 grains; carbonic anhydiido, 0*9722 
grams; and hydrogen, 0*0138 gram. The acids were chiefly 
acetic and butyric acid, the ratio of the former to the latter 
being 1*7 : i. Small (juaniities of valeric acid, higher alcohols, 
and odorous products were formed. 

The absence of methane from the products of ferinenlation 
is remarkable, but the formation of this gas seems to be duo to 
a special organism readily distinguishable front the ferment 
that produces the fatty acids, This organism is at present 
under investigation. 


(p- 7 S) Constitution of Oollnlose.— It may be 
fairly promised that the problem of the consltlulion of cellulose 
cannot be solved independently of that of molecular aggrega- 
tion. We find in effect that the structural pioportius of 
cellulose and its derivatives are directly connected with their 
constitution. So far we have only a superficial perccsplion of 
this correlation. We know that a fibrous cellulose treated with 
acids or alkalis in such a way that only liydrolytic changes can 
take place is converted into a variety of forms of very different 
structural characteristics, and these products, while still preserv- 
ing the main chemical characteristics of the original, show 
when converted into derivatives by simple synthesis, e.g, esters 
and sulphocarbonates, a corresponding differentiation of the 
physical properties of these derivatives, from the normal 
standard, and therefore that the new reacting unit determines 
a new physical aggregate. Thus the sulphocarbonatc of a 
' hydrocellulose ’ is formed with lower proportions of alkaline 
hydrate and carbon disulphide, gives solutions of relatively low 
viscosity, and, when decomposed to give a film or thread of tho 
regenerated cellulose, these fire found to be deficient in strength 
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and elasticity, Similarly with the acetate. The normal acetate 
gives solutions of high viscosity, films of considerable tenacity, 
and when these are saponified the ccUiilo.se is regenerated 
as an unbroken film, The acetates of hydrolysed celluloses 
manifest a retrogradation in structural and phy.sical propeities, 
propoutoned to the degiee of hydiolysis of the original. 

We may take this opportunity of pointing out that the cellu- 
loses not only suggest with some definiteness the connection of 
the stuicluial properties of visible aggregates — that is, of matter 
in the mass — with the configuration of the chemical molecule or 
reacting unit, but supply unique material for the actual experi- 
mental investigation of the problems involved. Of all the 
'organic' colloids cellulose is the only one which can be 
converted into a variety of derivative forms, from each of 
which a regular solid can be produced in continuous length 
and of any prescribed dimensions, Thus we can compare the 
structural properties of cellulose with those of its hydrates, 
nitrates, acetates, and bcnzoate.s, in terms of measurements 
of breaking strain, extensibility, elasticity, Investigations in 
this field are being prosecuted, but the results are not as 
yet .sufficiently elaborated for reduction to formulm. One 
striking gcjicral conclu.sion is, however, established, and that Is 
tluit tlie sLuiclural properties of cellulose are but little affected 
by esterification and appear therefore to be a function of the 
special arrangement of the carbon atoms, i,e, of the molecular 
constitution. Also it is established that the molecular ag- 
gregate which constitutes a cellulose is of a resistant type, and 
undoubtedly persists in the solutions of the compounds. 

It may be urged that it is superfluous to import these ques- 
tions of mass-aggregation into the problem of the chemical 
constitution of cellulose. But we shall find that the point 
again arises in attempting to define the reacting unit, which is 
another term for the molecule. In the majority of cases we 
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ely for this upon physical mcasurcincnls ; and in fad iho purely 
;hcmical determination of such (jii an tides is infercnlial. At- 
om pis have been made to determine ihu ino locular wi‘ip;hlH 
)f the cclluloho esteis in solution, by observations of doiu‘4*s- 
,ion of solidifying and boiling-points. But the numbers have 
ittle value, 'rhe only other well- defined compound is tlui 
lUlphocarbonate. It has been pointed out that, by suct:essiv() 
)recipilations of this compound, there ot’curs a eontiinial 
.ggrogaiion of the cellulose with dissociation of the alkali and 
residues and it has been found impossible to assign a limit 
o the dissociation, i.e. to fix a point at whi<di the transition 
rom soluble sulphocarbonate to insoluble cellnlose lakes phu'e. 
On these grounds it will be seen we are reduced to a some- 
vhat speculative treatment of the Iiypothelicttl uUinuile unit 
poiip, which is taken as of Q dimensions. 

As there has been no addition of experimenlal facts directly 
jontributing to the .solution of the pro))kMn, the material 
tvailable (or u discussion of the probabilities remains very much 
ts stated in the first edition, pp, 75-77, It is now generally 
idmitted that the telracetate ;/ [C(|H(p.(OAe),,] is a normal 
lellulose ester; therefore that four of the five 0 atoms tire 
lydroxylic, The fifth is undoubtedly ciirlionyl oxygen, 'rhe 
eaclions of cellulose certainly indicate that the CO- group 
s kclonic rather than aklehydic. lOven when attacked Ijy 
ifcrong sulphuric acid the resolution proceeds some considerable 
vay before products are obtained reducing Fehling's solution, 
This is not easily reconcilable with any polyaldosc formula, 
^or is the resistance of cellulose to very severe alkaline treaU 
nents. The probability may bo noted here that under the 
LCtlon of the alkaline hydrates there occurs a change of con- 
iguration. Lobry de BruyiVs researches on the change of 
josition of the typical CO- group of the simple hexoses, in 
)rcsencc of alkalis, point very definitely in this direction. It 
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is probable that in the formation of alkali ccIUilosc there is a 
constitutional change of the cellulose, which may in effect be 
due to a migration of a CO- positivjn within the unit group, 
Again also we have the interesting fact that structural changes 
accompany the chemical leaction. It is surprising that there 
should have been no investigation of these changes of external 
form and slruciuie, otherwise than as mass c flee Is. We can- 
not, ih etc fore, say what may be the molecular interpretation of 
these effects, It has not yet been determined whether there 
are any intrinsic volume changes in the cellulose substance 
itself: and as regards what changes are determined in the 
reacting unit or molecule, we can only note a fruitful subject 
for future investigation. A priori our views of the probable 
changes depend upon the assumed constitution of the unit 
group. If of the ordinary carbohydrate type, formulated with 
an open chain, there is little to surmise beyond the change of 
position of a CO- group. But alternative formulrc have been 
proposed, Thus the tetracelate is a derivative to be reckoned 
with in the problem, It is formed under conditions which 
preclude constitutional changes within the unit groups. The 
temperature of the main reaction is 30^-40® the reagents are 
used but little in excess of the quantitative proportions, and 
the yields are approximately quantitative. If now the deiiva- 
tivc is formed entirely without hydrolysis the empirical 
formula C6 HqO,(OAc) 4 justifies a closed-ring foimula for the 
original, viz, CO<[CI-IOH]4>CHg; and the preference for 
this formula depends upon the explanation it aflbrds of the 
aggregation of the groups by way of CO-CHg synthesis. 

The exact relationship of the tetracetate to the original 
cellulose is somewhat diflicult to determine. The starting- 
point is a cellulose hydrate, since it is the product obtained by 
decomposition of the siilphocarbonatc. The degree of hydro- 
lysis attending the cycle <?f reactions is indicated by the 
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bunula 4 CoHiQOg.HaO. Il has been already shown that this 

Jegree of hydrolysis does not produce molecular disaggrega- 

don. If this hydrate survived the acetylation it would of course i | 

iffect the empirical composition, i.c. chiefly the carbon per- j | 

ventage, of the product. It may be here pointed out that the ; | 

sxtreme variation of the carbon in this group of caibohydrate ; ) 

asters is as between (0 = 48*3 pxt.) and Ci4HigO(, | 1 

(C— 50*8 p.cti) i.e, a tctracetate of C(iHi20fl and CoHioOj^ 

respectively. In the fractional intermediate teims it is clear 

that we come within the range of ordinary expeiimenlal eirors, 

and to solve this critical point by way of ullimato analysis 

must involve an extended scries of analyses with precautions i 

for specially minimising and quantifying the error, The do- | 

termination of the acetyl by saponification is also subject to an ' 

error sufficiently large to pieclucle the results being applied to | 

solve the point, While, therefore, we must defer the final j 

stalemenl as to whether the tctracetate is produced from or 

contains a partly hydrolysed cellulose molecule, it is clear that 

iL least a large proportion of the unit groups must be acctylatcd 

in the pioportion CoHoO.(OAa)4, 

It has been shown that by tlic method of Franchimmil a 
higher proportion of acetyl groups can be introduced \ but this 
result involves a destructive hydrolysis of the cellulose { the 
acetates arc not derivatives of cellulose, but of products of 
hydrolytic decomposition. 

It appears, therefore, that with iho normal limit of acetyla- 
tion at the letracetate the aggicgation of the unit groups must 
depend upon the CO- groups and a ring formula of the general 
form C0<[CH0H]4>CH3 is consistent with the facts, | 

Vignon has proposed for cellulose the constitutional formula 

Oi— CH\ I 

d) ^[CHOIi]^ with reference to the highest nitrate, ; 

CHa-ck/ i 

o i 
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and the decomposition of the nitrate by alkalis with formation 
of hydroxy pyruvic acid. While these reactions afford no ver) 
sure ground for deductions as to constitutional relationships, it 
certainly appears that, if the aldose view of the unit group is to 
be retained, this form of the anhydride contains suggestions of 
the general tendency of the celluloses on treatment with con- 
densing aeids to split off formic acid in relatively large quan- 
tity [Her. i8y5, iQ/ioJ; the condensation of the oxycclluloses 
to furfural; the non-fonnaiion of the normal hydroxy-dicarb- 
oxylic acids by nitric acid oxidations. Indirectly we may 
point out that any hypothesis which retains the polyalclose view 
of cellulose, and so fails to differentiate ils constitution from 
that of starch, has little promise of progress, The above 
formula, moreover, concerns the assumed unit group, with no 
suggestion as to the mode of aggregation in the cellulose com- 
plex, Also there is no suggestion as to how far the formula is 
applicable to the celluloses considered as a group, In extend- 
ing this view to the oxycelluloses, Vignon introduces the 
derived oxidised group CHO.(CHOH)jj,CH . CO — of which 

one is apportioned to three or four groups of the cellulose pre- 
viously forniiilatcd : these groups in condensed union together 
constitute an oxycellulose. 

These views are in agreement with the experimental results 
obtained by Faber and Tollens (p. 71). They regard the 
oxycelluloses as compounds of ^celloxin' C^U^Oq with 1-4 
mols, unaltered cellulose; and the former they more particularly 
refer to as a lactone of glycuronic acid. Hut on boiling with lime 
they obtain dloxybutyric and isosaccharin ic acids ; both of which 
are not very obviously related to the compounds formulated 
by Vignon. We revert with preference to a definitely ketonic 
formula, for which, moreover, some farther grounds remain to be 
mentioned, In the systematic investigation of the nitric esters 
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of the carbohydrates (p, 41) Will and Lenze have definitely 
differentiated the ketoses from the aldoses, as showing an 
internal condensation accompanying the ester reaction. Not 
only are the OH groups taking part in the latter consequently 
less by two than in the corresponding aldoses, but the nitiatos 
show a much increased stability. This would give a .simple 
explanation of the well-known facts obtaining in the correspond- 
ing esters of the normal cellulose, We may note here that an 
important item in the quantitative fiiciors of the cellulose nitric 
ester reaction has been overlooked ; that is, the yield calculated 
to the NO3 groups fixed. The theoretical yields for the higher 
nitrates are 


Yield p.ct. N p.ct, 

of celluloao of nilrnte 

Pentanitrafce . . , *. iGg 127 

Ilexanitrate .... 183 14*1 


From such statistics as are recorded the yields are not in 
accordance with the above. There is a .sensible deficiency, 
Thus Will and Lenze record a yield of r 70 p,ct. for a product witli 
I3'8 p,ct. N, indicating a deficiency of about 10 p.cL. As the 
by-products soluble in the acid mixture are extremely small, 
the deficiency represents approximately I he water .split off by 
an internal reaction* In this important point the celluloses 
behave as ketoses. 

In the lignocelluloses the condensed constituents of the 
complex arc of well-marked ketonic, i.e, quinonic, type. In 
* nitrating * the lignocelluloses this phenomenon of internal con- 
densation is much more pronounced (see p, 131). As the 
reaction is mainly confined to the cellulose of the fibre, we 
have this additional evidence that the typical carbonyl is of 
ketonic function. It is still an open question whether the 
cellulose constituents of the lignocelIulo.ses are progressively 
condensed — with progress of ^ lignification '—to the un- 

0 % 
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suUinUcd or lignonu j'loups, 'I’licrc is nnicli in favour of this 
viow, the oviiloiUM: himiK tloall with in ihu first edition, p. 180. 
’I’hc tiunsiliou from a cellulose-kelone to the lignone-kotone 
involves 11 himpie eomkaiMilion without ivamuigonicnl ; from 
wliii'h we may aigiie liaiik to the greater prohahility of the 
kelonir stnuilure of the eelliilose. We must note, however, that 
the (■(‘lliilosiis of the lignoccihiloses are olilainecl as residues of 
vaiious reactions, and are not homogeneous. They yield on 
hoiliiig willi eondensing acids from 6 to 9 p.et. furfural, It is 
nsiitd (0 regard fuiinral as invariahly produced from a pentose 
tesidue. lint Ihis inlerprelalion ignores a number of other 
pioltahle sources of llio aldehyde. It must be particularly 
icmeinliered llml lievuloso is readily condensed (r?) to a methyl- 
Ityilroxyfiu'liiial 

(;ii fi A “• 3H.P » c„ir«Oa». c:f,(ori).H3.(CH3)02 

and (/<) by 11 Hr, with lurther loss of Oil, as under: 

( :„l [,„()„ - 4 1 1..0 + IlJtr- Cjl [,,(ClIaHr)0 

and generally the ketoses are distinguished from the aldoses by 
their susceptibility to eondensalion. Such condensation of 
Itcvulosc has be<m effected by two methods: (n) hy healing 
the ennccnlralcd ai|Ucous solution with a small proportion of 
nxalic acid at atm. pressure [Kiermnyer, Chem. Zlg. 19, 100]; 
(/>) by till! action of bydroludinic acid (gas) in presence of 
anliydidUH etber; the actual compound obtained being the 
(ll■brollnuclllyl (lurivtilivo [Kenton, J. Cbem, Soc, 1899, 423]’ 

'I'liis latter method is lieing extended to the investigation 
of lyiiical eclluloses, and Ibo ro.suIis appear to confirm the view 
llml celluIo.Hi; may lie of koloiiic constitution. 

Tile evidence which is obtainable from the synthetical side 
of tile ipiestion rests of course mainly upon the physiological 
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basis, There arc two points which may be noted. Since the 
researches of Brown and Mon is (J^ Chem, Soc. 1893, 604) have 
altered our views of the relationships of staich and cane sugar 
to the assimilation process, and have placed the latter in the 
position of a primary product with starch as a species of over- 
flow and reserve product, it appears that Itcvulosc must play an 
important part in the elaboration of cellulose. Moreover, 
A. J, Brown, in studying the cellulosic cell-collecting envelope 
produced by the Bacterium xylitium^ found that the proportion 
of this pioduct to the carbohydrate disappearing under the action 
of the ferment was highest in the case of l?cvulose. These facts 
being also taken into consideration there is a concurrence of 
suggestion that the typical CO group in the celluloses is of 
ketonic character, That the typical cotton cellulose breaks 
down Anally under the action of sulphuric acid to dextrose 
cannot be held to prove the aldehydic position of the car- 
bonyls in the unit groups of the actual cellulose molecule or 
aggregate, 

We again arc confronted with the problem of the aggregate 
and as to how far it may affect the constitution of the unit 
groups. That it moclifles the functions or reactivity of the 
ultimate constituent groups we have seen from the study of the 
esters. Thus with the direct ester reactions the normal fibrous 
cellulose (CoHiqOq) yields a monoacctate, dibcn;ioato, and a 
trinitrate respectively under conditions which determine, with 
the simple hcxoscs and anhydridc.s, the maximum esterification, 
i.e. all the OH gioups reacting. If the OH groups are of 
variable function, wc should expect the CO groups a fortio?^ 
to be susceptible of change of function, i,c. of position within 
the unit groups. 

But as to how far this is a prol)lem of the constitution or 
phases of constitution of the unit groups or of the aggregate 
under reaction we have as yet no giounds to determine, 
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The subjoined communication, appearing after the com- 
pletioji of the MS. of the book, and belonging to a date 
Hiilisequent to the pciiod tntended to bo covered, is neverthe- 
less included by loason of its exceptional importance and 
special bearing on the constitutional problem al)ove discussed. 


The Aotion of Hydrogen Bromine on Carbohydrates.^ 

If, j. If, ]«'knton and Mirmaico Gostuno (J. Chem. Soc., 

KJOI, 3()l). 


Tile authors have shown in a iirevious communication 
('IVans,, i8(j8, 73, 55^1) that certain classes of carbohydrates 
when acted upon at the ordinary temperature with dry 
hydrogen bromide in ctheieal solution give an intense and 
beautiful purple colour,^ It was further shown (Trans., 1899, 
75, /123) that this purple subslunce, when neutralised with 
sodium carlionale and extracted with ether, yields golden- 
yellow prisms of w-lirommothylfurfural, 


CHiOCHabr 

6 

CH : 6cHO 


'I’his rcaclion is produced by Irevuloso, s()rl)()sc, otino sugar, 
and inuliii, an iiUcnsc colour being given within an hour or 
two, Dextrose, maltose, milk sugar, galactose, and the poly- 
hydric alcohols give, if anything, only insignificant colours, 
and tliese only after long standing. The aulliors therefore 
suggested that the reaction might lie employed as a moans of 

* The original papei is reproduced will. Bliglil allcralioiiH. 

^ I'liiB purple coloer would appear to bo due to a liiglily disBOciablo 
compound of w-brommeitiylliirfiiral with liydrogen bromide. The al- 
dcliydc gives yellow or colourless sohilions In various solvcms, wlricli arc 
turned purple by a sullicionl excess of hydrogen bromide. Dilution, or 
addition of water, at once discharges the colour. 
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distinguishing these classes of carbohydiates, the lapid pro- 
duction of the purple colour being indicative of ketohexoses^ or 
of substances winch produce these by hydrolysis. 

By relying only on the production of the purple colour, 
however, a mistake might possibly arise, owing to the fact that 
xylose gives a somewhat similar colour after standing for a few 
hours. Hence, the observations should be confirmed by 
isolation of the crystals of bro mm ethyl furfural, No trace of 
this substance is obtained from the xylose product. 

In order to identify the substance, the ether extract, after 
neiitialisation, is allowed to evaporate to a syrup, and ciystal- 
lisalion piomoted cither by rubbing with a glass rod, or by 
the more certain and highly characteristic method of ‘ sowing ' 
with the most minute trace of w-brommclhylfurfural, when 
crystals arc almost instantly formed, These arc recrystanisccl 
from ether, or a mixture of ether and light petroleum, and 
fuuher identified by the melting-point (SQ'S-do’S**)! and, if 
considered desirable, by estimation of the bromine, 

It is now found, so reactive is the bromine atom in this 
compound, that the estimaiioii may be accurately made by 
titrnlion with silver nitrate according to Volhard's proce.ss, the 
crystals for this purpose being dissolved in dilute alcohol ; 

0*1970 gram required 10*5 c,c. iV/io AgNOg. Br 
42^63 p.ch, calculated 42*32 p,ct, 

This method of applying hydrogen bromide in ethereal 
solution is, of course, unsuitable for investigations whore a 
higher temperature has to be employed, or where long 
standing is necessary, since, under such circumstances, the 
ether itself is attacked. Wishing to make investigations under 
these conditions, the authors have tried several solvents, and, 
at present, find that chloroform is best suited to the purpose. 
In each of the following cxpeiimcnls, 10 grins, of the 
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substance were covered with 250 c.c, of chlorofoim which 
had been satin ated at o" with dry hydrogen bromide. The 
mixtuie was contained in an accuiately stoppered bottle, 
firmly secured with an iion clamp, and heated in a water- 
bath to about the boiling temperature for two hours. Aftei 
standing for several hours, the mixture was treated with 
sodium carbonate (first anhydrous solid, and afterwards a few 
drops of strong solution), filtered, and the solution dried over 
calcium chloride. Most of the chloroform was then distilled 
off, and the remaining solution allowed to evaporate to a thick 
syrup in a weighed dish. 

The product was then tested for w-brommethyl furfural by 
* sowing* with the most minute tiace of the substance, as 
described above. It was then waimed on a water-oven, kept 
in a vacuum desiccator over solid paraffin, and the weight 
estimated. When necessary, the product was recrystallised 
from ether, and fuither identified by the tests mentioned. 


The following results 

were obtained : 


Weight of 
crude reeltluc. 

Swedish filter paper 

« 3*0 crystallised at once by ‘ sowing, * 

Ordinary cotton 

♦ 3*3 a 11 

Mercerised cotton . 

, 2*1 „ „ 

Straw cellulose^ , 

' 2*3 n 11 

Lrevulose 

1 2*2 n 1) 

Innlin . . 

♦ 1*3 11 11 

Potato starch , . 

♦ 0'37 M tt 

Cano sugar . . 

• 0*85 1, ,, 

Dextrose , . , 

. 0*33 uncrystallisablc. 

Milk sugar . , 

♦ 0*37 „ 

Glycogen 

• 0*34 n 

Galactose 

• 0*34 n 

^ Other forma of cellulose were also examined — for example, pine- 


wood cellulose — and the substances separated from solution as ihiocar- 
bonatc (powder and film). All of these gave good yields of oi-broiu- 
methyUurfnral, 
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The products from dextrose, milk sugar, and galactose 
absolutely refused to crystallise even when extracted with 
ether and again evaporated, or by * sowing,’ stirring, &c. 

The glycogen pioduct deposited a very small amount of 
crystalline matter on standing, but the quantity was too 
minute for examination; moreover, it refused altogether to 
crystallise in contact with the aldehyde. It may fairly be 
stated, therefore, that these last four substances give abso- 
lutely negative results as regards the formation of w-brom- 
meihylfurfural; if any is formed, its quantity is altogether too 
small to be detected. 

The specimen of starch examined was freshly prepared 
from potato, and purified by digestion for twenty-four hours 
each with N\\o KOH, iV'/4 HCI, and strong alcohol; it was 
then washed with water and allowed to diy in the air. It will 
be seen that this substance gave a positive result, but that the 
yield was extremely small, and might yet be due to impurity. 
Considering the importance of the bcluiviour of starch, for 
the purpose of drawing general conclusions from the.se 
observations, it was thought advisable to make further ex- 
periments with specimens which could he relied upon, and 
also to investigate the behaviour of dextrin. This the 
authors have been enabled to do upon a series of speci- 
mcn.s specially prepared by C. O'Sullivan, and thus described 
by him : 

1. Rice starcli, specially purified by the permanganate method. 

2. Wheat starch „ 1, u 

3. Oat starch, contains traces of oil, washed with dilute KOH 
and dilute IICl, 

Pea starch, first crop, washed with alkali, acid (IICl), and 
strong alcohol, 

5. Natural dextrin, D - 3*87, [a]i) » 1947 ; K »== 0*95, (<? a’fiaS), 

G. a*DexirIn, C equation purified without fermentation, 30 precipi- 
tations with alcohol (Trans,, 1879, 35, 772). 
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The examination of these specimens was conducted on a 
smaller scale, but under the same conditions as befoie, one 
gram of the substance being Ucated with 12-5 c,c. of the 
saturated chloroform solution and healed in sealed tubes for 
t\Yo hours as above. The results were as follows : 


1, Rice starch 

2, Wheat starch , 

3, Oat starch 

4, Pea starch 

5, Natural dextrin 

6, rt-Doxlrin , 


Weight of 
crude rcaidiie. 

0*046 crystaKised at once by ‘ sowing/ 
0*044 1. » 

0*049 „ „ 

0*064 » n 

o'o88 „ „ 

0*055 n >» 


The results may theiefore be summarised as follows : — 
Tieated under these particular conditions all forms of cellulose 
give large yields of o-brom methyl furfural, some varieties 
giving as much as 33 per cent, Lcevulose, iniilin, and canc 
sugar give yields varying from 22 to 8'5 per cent.; various 
starches give small yields (avciage about 4*5 per cent.); and 
dextrins S to 8 per cent., whereas dextrose, milk sugar, and 
galactose give, apparently, none at all, 

The yields represent the solid crystalline residue; this 
when purified by recrystallisation gives, probably, about three- 
quarters of its weight of pure crystals, (In the case of 
dextrose, &c,, the yields represent the weight of syrup,) 

TI)esc numbers, however, by no means represent the 
maximum yields obtainable, owing to the comparatively slight 
solubility of hydrogen bromide in chloroform. The process 
was conducted in the above manner only for the sake of 
uniform comparison, The ether method previously desciibed 
gives much laiger yields; for example, 12 grms, of inulin 
treated with only 60 c.c, of the saturated ether gave 2*5 grms. 
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of substance, For the purpose of obtaining larger yields, 
other methods aie being investigated. 

The facts recorded above, taken in cojij unction with tliose 
given in our previous communications, appear to point de- 
finitely to the following general conclustons. First, that the 
various foims of cellulose contain one or more gioups or nuclei 
identical with that contained in Icevulose^ and that such groups 
constitute the main or essential part of the molecule. 
Secondly, that similar groupings arc contained in starches and 
dextrins^ but that the [)iopoilion of such groupings leprcsents 
a relatively small part of the whole structure. 

The nature of this grouping is, according to the generally 
accepted constitution of Ircvulo.sc, the six-carbon chain with a 
ketonic group ; 

OC’OOOC 

y ■ 

But tho rchulls might, on the other hand, he considered 
indicative of the anhydiidc or ' laeton ’ grou|)ing, which Tollons 
suggested for la 2 vulo->e : 

C-C-C-C-C'C 

\/ . 

0 

The latter very simply represents the formation of w-bromo- 
mcihylfurfural from IbovuIosc,' 


OI-I-C C- 


0— - 

II H 

-c c- 


■H, 


giving 


9j!H 


OH OH H 


Hll 

HC'C:OC:OCH„Br 

^ o 


-CH./OI-I 


I The change is empiricnlly represented as 

CjH„0„ + HBr - 41-IgO = C(I-I, 0 ,,Br. 
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although by a little fuither * manipulation ^ of the symbols the 
change could, of course, be represented by leference to the 
kctonic formula. 


The Ketonio Constitution of Cellulose. 

C. F. Cross and E. J. Bevan (J. Chem. Soc., 1901, 366), 

In this paper the authors discuss more fully the theoretical 
bearings of the obseivations of Fenton and Gosiling, the two 
papers being simultaneously communicated, The paper is 
mainly devoted to a review of the antecedent evidence, 
chemical and physiological, and to a general summing up 
in favour of the view that cellulose is a polykelose (anhy- 
dride). 


(p. 79) Composition of the Seed Hair of Eriodendron 
(Anf.), — Some interesl attaches to the results of an analytical 
investigation which we have made of this silky floss, There is 
little doubt that cotton is entirely exceptional in its character- 
istics ; both in structure and chemical composition it fails to 
show any adaptation to what we may regard as the more obvious 
functions of a seed hair — which certainly do not demand 
either s true tin al strength or chemical resistance, The follow- 
ing numbers determined for the kapok dinbrentialc it widely 
from the cottons : 

Ash, 1*3; moisture, 9*3; alkaline hydrolysis (loss) (r?) 
167, (p) 2i*S, Cellulose, by chlorination, &c., 7i’i. 

In reacting with chloride it shows the presence of unsatu- 
rated groups, simitar to the lignone of the woods, This was 
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confirmed by a well-marked reaction with fcrriorerri cyanide 
with increase of weight due to tire fixation of the blue 
cyanide, 

But the most chaiacteiistic feature is the high yield of 
furfural on boiling with condensing acids. The following 
numbers were determined : 

Total fnrfmal from oiiginal fibre , , , ii|’84 

In rcsitluc Aom alkali hydiolyaitt . ♦ *115 

In cellulobe isolated by Cl niothod , , ♦ io‘,| 

Treated with sulphiuic acids of concentration, {a) 92*1 grs. 
per 100 cx., (p) 105*8 grs, per 100 c,c,, the fibres dis- 
solve, and diluted immediately after complete solution it was 
resolved into 

(rt) {b) 

Hcprccipilatcd fi action . , , .087 437 

Soluble fraction yielding fm final . . 13*2 i,p3 

By these observations it is established that ilie furfuroids 
arc of the cellulose type and behave very much as the furfuroids 
of the cereal celluloses, 

Thi.s group of seed hairs invites exhaustive invcssiigation. 
The furfuroid constituents arc easily isolated, and as they con- 
stitute at least one- third of the fibre substance it is especially 
from this point of view that they invite study, 
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RECHERCHES SUR LmYCELLULOSE. 

L, ViGNOK. 

Rtfsumi of investigations (1898-1900) of Oxycellulose, 
published as a brochure (Rey, Lyon, igoo), 


{a) A typiccal oxycellulose prepared fioni cotton cellulose 
by the action of HCiO^j (TiCl -i- KClOg) in dilute solution at 
loC for one hour gave the following numbers ; 


c n o 

Elementary composition , , » /|3'55 6*03 50*^12 


Oxycolhilose Original cqKuIosc 

Analysis by Lange’s method 
Soluble in KOH (at iSo*^) . , 87-6 12^0 

Insoluble in KOH (at 180°) . 12*/) 88'o 


OxycclIiilosQ 

n oat of combustion . . , 4124-1I133 

Heat evolved in contact with 50 times wt, \ cal 
normal KOH per too gnus, . . / 


Original cclhiloso 
^I90<.1224 

074 cal, 


OxycalUiloBO Celluloac 

Absorption of colouring matters *1 Snlfianinc . , 07 o'o 

at 100® per 100 gi ms, . i Mclhyiene blue , o*G 0*2 


(If) Yield of furfural from cellulose^ oxy- and hydro-cellu- 
lose * — From the hyclrocellu loses variously prepared the author 
obtains o*8 p,ct, furfural; from bleached cotton 1*8 p,ct,; and 
from the oxycclluloscs variously prepared 2‘0“3’5 p.ct. The 
^furfuioid* is relatively more soluble in alkaline solutions 
(KOH) in the cold. The insoluble residue is a normal 
cellulose, 

{c) Nitrates of cellulose^ oxy- and hydro-cellulose. — ^Trealcd 
with the usual acid mixture (HaSO^ 3 p., HNOg r p,) under 
conditions for maximum action, the resulting esters showed 
uniformly a fixation of ir’o NOj groups per unit mol, of C^v 
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The oxycellulose nitrate was treated directly with dilute solu- 
iLon of potasbiiim hydrate in the cold. From the pioducts of 
decomposition the author obtained the osazonc of hydroxy- 
pyruvic acid [Will, Ber. 24, 400], 

{d) Osasiones of ihc OsXyceUithses , — Ox y celluloses piepared 
by various methods are found to fix varying propouions of 
phony Ihydrazinc (residue), vh, from p.ct, of the cellu- 

lose deiivativc reacting, corresponding with, i.e, calculated 
horn, the nitrogen determined in the products (o’87-2*2 p.eb). 
The reaction is assumed to be that of osaxone formation, 

The author has also established a relation between the 
phenyl hydrazine fixed and the furfural which the substance 
yields on boiling with condensing acids. This is illustrated by 
the subjoined series of numbers : 



Pljenylliyclrnzine 
I'ixca p.ct. 

FurfurAl 
formetl p.ct 

CoUon (bleached) . 

► 173 

I ‘Go 

Oxycellulose (11 CIO,) 


2*og 

„ (HCIO) . 

• * 3*37 

179 

.. (C> 0 ,)(i) . 

* 7*03 

3 '00 

M {CrO,)( 8 ) . 

. . 771 

3 'og 

M ( 3 ) ' 

. , 8 *,t 8 

3*50 


{e) Consiiiuiion of cellulose a?ui oxycellulose ^ — ^^fhe results of 
these investigations arc generalised as regards cellulose (C^) by 


/CH— CH9 

the constitutional formula (CHOH)3y 6 

\c!i-i— o 


Tho 


oxycelluloscs contain the characteristic group 

yCOI-I 

(CI-I0H)3<^ in union with varying proportions of 

^CH— CO 

\o/ 

residual cellulose, 
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QUANTITATIVE SEPARATION OF CELLULOSE-LIKE 
CARBOHYDRATES IN VEGETABLE SUBSTANCES. 

Wilhelm PIoffmeister (Landw. Versuchs-Stat, 1897, 

48, 401-411). 

To separate the hemicelluloses, celluloses, and the consti- 
tuents of lignin without essential change, the substance, after 
being freed from fat, is extracted with dilute hydrochloric acid 
and ammonia, and the residue frequently agitated for a day or 
two with 5-6 p.ct caustic soda solution. It is then diluted, 
the extract poured off, neutralised with hydrochloric acid, 
treated with sufficient alcohol, and the hemicellulosc filtered, 
dried, and weighed. The residue from the soda extract is 
washed on a filter with hot water, and extracted with Schweizer’s 
reagent. 

When the final residue (lignin) is subjected to prolonged 
extraction with boiling dilute ammonia (a suitable apparatus 
is described, with sketch) until the ammonia is no longer 
coloured, a residue is obtained which mostly dissolves in 
Schweizer’s reagent, and on repeating the process the residue 
is found to consist largely of mineral matter. The dissolved 
cellulose-like substances often contain considerable amounts 
of pentosanes. 

According to the nature of the substance, the extraction 
with ammonia may take weeks, or months, or even longer; 
the ammonia extracts of hard woods (as lignum vitae) and of 
cork are dark brown, and give an odour of vanilla when 
evaporated down. The residues, which are insoluble in water, 
but redissolve in ammonia, have the properties of humic acids. 
Other vegetable substances, when extracted, yielded, besides 
humic acids, a compound, C^HyOg, soluble in alcohol and 
chloroform, but insoluble in water, ether, and benzene; pre- 
parations from different sources melted between 200° and 210°. 
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VERSUCI-IE ZUR BESTIMMUNG DES GEHALTS 
EINIGER PFLANZEN UND PFLANZENTEILE AN 
ZELLWANDBESTANDTEILEN AN HEMICELLU- 
LOSEN UND AN CELLULOSE. 

A. 'Kleibkr (Landw. Vei\s.-Stat,, 1900^ 54, 16 1). 

ON THE DETERMINATION OF CELL-WALL CONSTITUENTS, 
HEWIICELLULOSES AND CELLULOSE IN PLANTS AND 
PLANT TISSUES. 

In a preliminary discussion the author critically compares 
the results of various of the methods in practice for tlie isola- 
tion and estimation of cellulose. The method of F. Schulze 
[digestion with dil. HNO3 with KClOg — ^14 days, and after- 
wards treating the product with ammonia, &c.] is slated to be 
the ‘ best known * (presumably the most widely practised) ; 
W. IToffmeister’s modification of the above, in which the 
nitric acid is replaced by hydrochloric acid (to p.ct. IT Cl) is 
next noted as reducing the time of digestion from 14 days to 
x-2 days, and giving in many cases higher yields of cellulose. 
The methods of treating with the halogens, viz. bromine 
water (IT. Miiller), chlorine gas (Cross and Bevan), and 
chlorine water, arc dismissed with a bare mention, apparently 
on the basis of the conclusions of Suringar and Tollens 
The method of Lange, the basis of which is a ' fusion ’ with 
alkaline hydrates at 180°, and the modified method of Gabriel, 
in which the ' fusion ’ with alkali takes place in presence of 
glycerin, are favourably mentioned. 

These methods were applied to a range of widely different 
raw materials to determine, by critical examination of the pro- 
ducts, both as regards yield and composition, what title these 
latter have to be regarded as 'pure cellulose,’ 

This portion of the investigation is an extension of that of 
Suringar and Tollens, these latter confining themselves to 

H 
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celluloses of the ‘ normal ' groups, i.e. textile and paper- 
making celluloses. The present communication is a study 
of the tissue and cell-wall constituents of the following 
types ; — 


1. Green plants of false oat grass (Arrhenathcyinm^ E,). 

2. Green plants of lucerne (Medicago satiDa). 

3. LeavCvS of the ash (Fraxlnvs), 

4. Leaves of the walnut [yuglans), 

5. Roots of the purple melic grass (Molinia ccBvulea). 

6. Roots of dandelion (Taraxacum of/tcinalc), 

7. Roots of comfrey, 

8. Coffee berries, 

9. Wheat bran, 

These raw materials were treated for the quantitative esti- 
mation of cellulose by the method of Lange (^), lioffmcister (<r), 
and Schulze {d)^ and the numbers obtained are referred for 
comparison to the corresponding yields of ' crude fibre ’ 
(Rohfaser) by the standard method {a). 

As a first result the author dismisses Lange’s method as 
hopeless: the results in successive determinations on the 
same materials showing variations up to 60 p.ct. The results 
by c and d are satisfactorily concordant : the yields of cellulose 
are higher than of ^ crude fibre.’ This is obviously due to the 
conservation of ' hemicellulose ’ products, which are hydrolysed 
and dissolved in the treatments for * crude fibre ’ estimation. 
A modified method was next investigated, in which the process 
of digestion with acid chloroxy- compounds {c and d) was 
preceded by a treatment with boiling dilute acid. The yields 
of cellulose by this method {e) are more uniform, and show 
less divergence from the numbers for ^ crude fibre/ 

The author’s numerical results are given in a scries of 
tables which include determinations of proteids and ash con- 
stituents, and the corresponding deductions from the crude 
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weight in calculating to 'pure cellulose/ The subjoined 
extract will illustrate these main lines of investigation. 


Raw Material 

Crude Fibre 

Pure Cellulose 

Weende 

Method. 

(fl) 

Hoffmeiatcr 

Method, 

(f) 

Hoffmeister, 
modified by 
Author, 

(0 

Oat grass 

3«'35 

3d ‘9 

3i'5 

Lucerne . 

25-25 

28*7 

20*5 

Lepvesofash 

13*05 

I5’4 

^ X3*« 

Roots of melic 

21*60 

29*1 

2 T*d 

Coffee beaiivS . 

18*30 

35*1 

23'3 

Bran 


19*3 

9‘3 

i 


The final conclusion drawn from these results is that the 
method of lioffmeister yields a product containing variable 
proportions of hemicelluloses, These are eliminated by 
boiling with a dilute acid (1*25 p.ct, HpSOJ, which treatment 
may be carried out on the raw material — before exposure 
to the acid chlorate, or on the crude cellulose as ordinarily 
isolated. 

Determination of Tissue-constituents. — By the regu- 
lated action of certain solvents applied in succession, it appears 
that such constituents of the plant-complex can be removed 
as have no organic connection with the cellular skeleton : the 
residue from such treatments, conversely, fairly represents the 
true tissue -constituents. The author employs the method of 
dige.stion with cold dilute alkaline solutions ("0*15 to 0*5 p.ct. 
NaOH), followed by exhaustive washing with cold and hot 
water, afterwards with cold and hot alcohol, and finally with 
ether. 

The residue is dried and weighed as crude product. 
When necessary, the proportions of ash and proteid con- 
stituents are determined and deducted from the 'crude 

H 2 
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product/ which, thus corrected, may be taken as representing 
the ‘ carboliydrate ^ tissue constituents. 

Determination of Hemicelluloses. — By the process of 
boiling with dilute acids (i’25 p.ct, H^SOJ tlic hemicelluloses 
are attacked ■“ i.e. hydrolysed and dissolved. The action of 
the acid though selective is, of course, not exclusively confined 
to these colloidal carbohydrates. The proteid and mineral 
constituents are attacked more or less, and the celluloses 
themselves are not entirely resistant to the action. The loss 
due to the latter may be neglected, but in calculating the 
hemicellulose constants from the gross loss the proteids and 
mineral constituents require to be taken into account in the 
usual way, 

QUANTITATIVE SEPARATION OF HEMICELLULOSE, 
CELLULOSE, AND LIGNIN. PRESENCE OF PEN- 
TOSANES IN THESE SUBSTANCES. 

WimiKLM lioKFMmSTEii (Laiidw. Versuchs-Stat., 1898, 50, 

347-362). 

(p. 88) The separation of the cellulo.se-likc carbohydrates 
of sunllower husks is described. 

In order to ascertain the effect of dilute uiiunonia on the 
cellulose substances of lignin, a dried 5 p.ct. caustic soda 
extract was extracted successively with x, 2, 3, and 4 p.ct, 
sodium hydroxide solution. Five grams of the 2 p.ct. extract 
were then subjected to the action of ammonia vapour ; the 
cellulose did not completely dissolve in six weeks. Cellulose 
insoluble in caustic soda (32 grms.) was next extracted with 
ammonia, in a similar • manner, for 10 days, dried, and 
weighed. 30*46 grms. remained, which, when treated with 
3 p.ct. aqueous caustic soda, yielded 0*96 grm, (3 per cent.) of 
hemicellulose. 1 

When cellulose is dissolved in Schweizer’s solution, the 
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residue is, by repeated extraction with aqueous sodium 
hydroxide, completely converted into the soluble form. On 
evaporating the ammonia from the Schweizer’s extract, at the 
ordinary temperature and on a water-bath respectively, 
different amounts of cellulose are obtained; more hemi- 
cellulose is obtained, by caustic soda, from the heated 
solution than from that which was not heated. In this opera- 
tion the pentosanes are more influenced than the hexosanes ; 
pentosanes are not always readily dissolved by caustic soda, 
and hexosanes are frequently more or less readily dissolved. 
Both occur in lignin, and are then» undoubtedly indigestible, 
These points have to be considered in judging the digestibility 
of these carbohydrates. 

A comparison of analyses of clover, at different periods, in 
the first and second years of growth, shows that both cellulose 
(Schweizer’s extract) and lignin increase in both constituents. 
In the second year the lignin alone increased to the end ; the 
cellulose decreased at the end of June. In the first year it 
seemed an absolutely as well as relatively greater amount of 
cellulose, and lignin was produced in the second year; this, 
however, requires confirmation. The amount of pentosanes in 
the Schweizer extract was relatively greater in the second than 
in the first year, but decreased in the lignin more in the 
second year than in the first : this result is also given with 
reserve. 

DIE CONSTITUTION DER CELLULOSEN DER 
CEREALIEN. 

C. F, Cross, E. J, Bisvan, and C. Smith (Berl Ber., 
1896, 1457). 

THE CONSTITUTION OF THE CEREAL CELLULOSES. 

(p. 84) Straw cellulose is resolved by two methods of acid 
hydrolysis into a soluble furfural-yielding fraction, and an in- 



102 


Cellulose 


soluble fraction closely resembling the normal cellulose, (a) The 
cellulose is dissolved in sulphuric acids of concentration, 
II2SO.J.3H3O. As soon as solution is com- 
plete, the acid is diluted. A precipitate of cellulose hydrate 
(60-70 p.ct.) is obtained, and the filtered solution contains 
yo-95 p.ct, of the furfuroids of the original cellulose. The 
process is difficult to control, liowever, in mass, and to obtain 
the latter in larger quantity the cellulose {h) is digested with 
six times its weight of i p.ct. H^SOj at 3 atm. pressure, 
the products of the action being (1) a disintegrated cellulose 
retaining only a small fraction {y\,) of the furfural-yielding 
groups, and (2) a slightly coloured solution of the hydrolised 
furfuroids. An investigation of the latter gave the following 
results; Hy oxidation with nitric acid no sacciharic acid was 
obtained; showing the absence of dextrose. The numbers for 
cupric reduction were in excess of those obtained with the 
hexoses, The yield of oxazone was high, viz. 30 to 40 p.ct. of 
the weight of the carbohydrate in solution. On fractionating, 
the melting-points of the fractions were found to lie between 
146" and 153°. Ultimate analy.sis gave numbers for C, H, 
and N identical with those of a pentosazone. I’ho jrroduct of 
hydrolysis appears, therefore, tf) be xylose or a closely related 
derivative. 

All attempts to obtain a crystallisation of xylose from 
the solution neutralised (BaCO|,), filtered, and evaporated, 
failed. The reaction with phloroglucol and IICl, moreover, 
was not the characteristic red of the pentoses, but a deep 
violet. The jtroduct was then isolated as a dry residue by 
evaporating further and drying at 105”. Elementary analysis 
gave the numbers C 44’2, 44'S) ttnd H 6’7, 6'3. Determina- 
tions of furfural gave 39'S to 42'S p.ct. On treating the 
original solution with hydrogen peroxide, and warming, oxida- 
tion set in, with evolution of CO^. Thi.s was estimated (by 
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absorption), giving numbers for CO, 2, 19’S, 20*5, 20’i p.ct. of 
the substance. 

The sum of these quantitative data is inconsistent with a 
pentose or pentosane formula ; it is more satisfactorily ex- 
pressed by the empirical formula C{5Hg03<Q>CH2, which 
represents a pentose monoformal. Attempts to synthesise a' 
compound of this formula have been so far without success. 

UEBER EINIGE CHEMISCHE VORGANGE IN DER 
GERSTENPFLANZE. 

C. F. Cross, E. J. Bevan, and C. Smith (Berl. Bcr*, 
1895, 2604). 

THE CHEMICAL LIFE-HISTORY OF THE BARLEY PLANT- 

(p. 84) Owing to the presence of ‘ furfuroicls ’ in large propor- 
tion as constituents of the tissues of the stems of cereals, these 
plants afford convenient material for studying the problem of 
the constitution of the tissue-furfuroids, as well as their 
relationship to the normal celluloses. The growing barley 
plant was investigated at successive periods of growth. Yield 
of furfural was estimated on the whole plant and on the 
residue from a treatment with alkaline and acid .solvents in 
the cold such as to remove all cell contents. This residue 
is described as ^permanent tissue.’ The observations were 
carried out through two growing seasons — 1894-5 — which 
were very different in character, the former being rainy with 
low temperature, the latter being abnormal in the opposite 
direction, i.e. minimum rainfall and maximum sunshine. The 
barley selected for observation was that of two experimental 
plots of the Royal Agricultural Society’s farm, one (No. i) 
remaining permanently unmanured, and showing minimum 
yield, the other (No. 6) receiving such fertilising treatment as 
to give maximum yields. 
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The numerical results are given in the annexed tables : 
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The variations exhibited by these numbers are significant. 
It is clear, on the other hand, that the assimilation of the 
furfuroids does not vary in any important way with variations 
in conditions of atmosphere and soil nutrition. They are 
essentially //.?i'?/fe-constituents, and only at the flowering period 
is there any accumulation of these compounds in the alkali- 
soluble form. It has been previously shown {ibid. 27, to6t) 
that the proportion of furfuroids in the straw-celluloses of the 
paper-maker differs but little from that of the original straws. 
For the isolation of the celluloses the straws are treated by a 
severe process of alkaline hydrolysis, to which, therefore, the 
furfuroid groups offer equal resistance with the normal hexose 
groups with which they are associated in the complex. 

The furfuroids of the cereal straws are therefore not pento- 
sanes. They are original products of as.similation, and not 
subject to secondary changes after elaboration such as to alter 
either their constitution or their relationship to the normal 
hexose groups of the tissue -complex. 

(i) CONSTITUTION OF THE CEREAL CELLULOSES 
(Chera. Soc. J. 1896, 804). 

(2) THE CARBOHYDRATES OF BARLEY STRAW 
(Chem. Soc. J. 1896, 1604). 

(3) THE CARBOHYDRATES OF THE CEREAL 
STRAWS (Chem. Soc. J. 1897, looi). 

(4) THE CARBOHYDRATES OF BARLEY STRAW 
(Chem. Soc. J. 1898, 459). 

C. F. Cross, E. J, Bevan, and Claud Smith, 

These are a series of investigations mainly devoted to 
establishing the identity of the furfural-yielding group which 
is a characteristic constituent. 

This Turfuroid,' while equally resistant to alkalis as the 
normal cellulose group with which it is associated, is selectively 
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hydrolysed by acids. Thus straw cellulose dissolves in 
phuric acids of concentration H2SO<t.2li^O '-H2SO.i,3p 
and on diluting the normal cellulose is precipitated t 
hydrate, and the furfuroid remains in solution. But 
sharp separation is difficult to control in mass. By hea 
with a very dilute acid (i p.ct. H^SO.J the conditions 
more easily controlled, the most satisfactory results b 
obtained with 15 mins, heating at 3 atm. pressure, 

(t) Operating in this way upon brewers’ grains the furfn 
was obtainable as the chief constituent of a solution for wl 
the following experimental numbers were determined : — T 
dissolved solids, 28*0 p.ct, of original ‘grains’; furfi 
39-5 p.ct, of total dissolved solids, as compared with 12-5 j 
of total original grains ; cupric reduction (calc, to total soli 
1 10 (dextrose = 100) osazonc; yield in 3 p.ct. solution, 35 j 
of weight of total solids. 


AnalysiK 

. N 

i7’i 

PentOKnzone 

T7*3 17*07 


C 

62 ‘5 

62*3 62*3 


H 

^•4 

6*5 6*1 

Md ting-point 

. 

. 

. T 46 '’-X 53 '’ 


From these numbers it is seen that of the total furfun 
of the original ‘grains’ 84 p.ct. arc thus obtained in solul 
in the fully hydrolysed form, which is that of a pentose 
pentose derivative. It was, however, found impossible 
obtain any crystallisation from the neutralised (JlaCOjj) i 
concentrated solution, the syrup being kept for some weeb 
a desiccator. It was noted at the same lime that the col 
reaction of the original solution with phloroglucol and hyci 
chloric acid was a deep violet, in contradistinction to 
characteristic red of the pentoses. On oxidation with hydros 
peroxide, in the proportion of i mol. H2O2 to i mol. of 
carbohydrate in solution, carbonic anhydride was formed 
quantity = 20*0 p.ct. of the latter. 
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Fermentation (yeast) experiments also showed a divergence 
from the resistant behaviour of the pentoses, a consider- 
able proportion of the furfur oid disappearing in a normal 
fermentation. 

(2) The quantitative methods above described were em- 
ployed in investigating the barley plant at different stages of 
its growth. The green plant was extracted with alcohol, the 
residue freed from alcohol and subjected to acid hydrolyvsis. 

The hydrolysed extract was neutralised and fermented. 
In the early stages of growth the fnrfuroids were completely 
fermented, i.e. disappeared in the fermentation. In the later 
stages this proportion fell to 50 p.ct. In the earlier stages, 
moreover, the normal hexose constituents of the permanent 
tissue were hydrolysed in large proportion by the acid, whereas 
in the matured straw the hydrolysis is chiefly confined to the 
furfuroids. In the early stages also the permanent tissue 
yields an extract with relatively low cupric reduction, sliowing 
that the carbohydrates are dissolved by the acid in a more 
complex molecular condition. 

111 esc observations confirm the view that the fnrfuroids 
take origin in a hexose-pentose series of transformations. The 
proportion of furfuroid groups to total carbohydrates varies 
but little, w/u from } in the early stages to a maximum of } at 
the flowering period. At this period the differentiation of the 
groups begins to be marked. 

Taking all the facts of (r) and (2), they arc not inconsi.stent 
with the hypothesis of an internal transformation of a hexose 
to a pentOvSC~m on 0 formal. Such a change of position and 
function of oxygen from OH to CO within the group 
— CH.OH — is a species of internal oxidation which reverses 
the reduction of formaldehyde groups in synthesising to 
sugars, and appears therefore of probable occurrence. 

These constitutional problems are followed up in (3) by the 
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indirect method of differentiating the relationships of tl 
furfuroids to yeast fermentation, from those of the pento 
Straw and esparto celluloses arc subjected to the processei 
acid hydrolysis, and the neutralised extracts fermented. 
high furfural numbers indicating that the furfuroids are the c] 
constituents of the extract, there is an active fermentation v 
production of alcohol. The enteric reduction falls in grea 
ratio to the original (unfermented) than the furfural. Obf 
vations on the pure pentoses — xylose and arabinosc added 
dextrose solutions, and then exposed to yeast action — sh 
that in a vigorous fermentation not unduly prolonged : 
pentoses are unaffected, but that they do come within i 
influence of the yeast-ccll when the latter is in a less vigorc 
condition, and when the hexoses are not present in rclatiw 
large proportion. 

(4) The observations on the growing plant were resum 
with the view of arlilicially increasing the difTerentiation of I 
two main groups of carbohydrates, From a portion of a barl 
crop the inflorescence was removed as soon as it appear< 
The crop was allowed to mature, and a full comparison ins 
tilted between the products of normal and abnormal growl 
With a considerable difference in ‘ permanent tissue ’ (13 p,( 
less) and a still greater defect in cellulose (24 p.cL), the co 
stants for the furfuroids in relation to total carbohydrates we 
unaffected by the arrested development. This was also true 
the belmviour of the hydrolysed extracts (acid proce.sses) ' 
yeast fermentation. 

(5) The extract obtained from the brewers* grains by If 
process described in (2) was investigated in relation to aninu 
digestion. It has been now generally established that th 
furfuroids as constituents of fodder plants arc digested an 
assimilated in large proportion in passing through animi 
digestive tracts, and in this respect behave differently fror 
the pentoses. The furfuroids being obtained, as described, i 




Celhilose Groiip 1 09 

a fully hydrolysed condition (monoses) the digestion problem 
presented itself in a new aspect, and was therefore attacked. 

The result of the comparative feeding experiments upon 
rabbits was to show that in this previously hydrolysed form 
the furfuroids are almost entirely digested and assimilated, no 
pentoses, moreover, appearing in the urine. 

Generally we may sum up the present solution the 
problem of the relationship of the furfuroids to plant assimi- 
lation and growth as follows ; — The pentoses are not produced 
as such in the process of assimilation ; but furfural-yielding 
carbohydrates are produced directly and in approximately con- 
stant ratio to the total carbohydrates ; they are mainly located 
in the permanent tissue ; in the secondary changes of dehy- 
dration, &c., accompanying maturation they undergo such 
differejitiation that they become readily separable by processes 
of acid hydrolysis from the more resistant normal celluloses ; 
but in relation to alkaline treatments they maintain their inti- 
mate union with the latter. They are finally converted into 
pentoses by artificial treatments, and into pentosanes in the 
plant, with loss of x C atom in an oxidised form. The 
mechanism of this transformation of hexo.ses into pentoses is 
not cleared up. It is independent of external conditions, e.g. 
fertilisation and atmospheric oxidations, and Is probably there- 
fore a process of internal re-arrangement of the character of an 
oxidation. 

ZUR KENNTNISS DER IN DEN MEMBRANEN DER 
PILZE ENTPIALTENEN BESTANDTPIEILE. 

E. WiNTERSTEiN (Ztschr. Physiol. Chem., 1894, 521 ; 

1895, 134)* 

ON THE CONSTITUENTS OF THE TISSUE OF FUNGI. 

(p, 87) These two communications are a contribution of 
fundamental importance, and may be regarded as placing the 
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questiou of the composition of the celluloses of these lo\ 
types on a basis of well-defined fact. In the first place 
author gives an exhaustive bibliography, beginning with 
researches of Braconnot (i8ti), who regarded the celli 
tissue of these organisms as a specialised substance, which 
termed ‘ fungin.’ Payen rejects this view, and regards 
tissue, fully purified by the action of solvents, as a cellul 
This view is successively supported by Fromb 
[Mulder, Allg. Phys, Chem., Braunschweig, [851], Schlc 
berger and Doepping [Annalen, 52, 106], and Kaiser. 
Bary, on a review of the evidence, adopts this view, but, 
the purified substance fails to give the characteristic colo 
reactions with iodine, he uses the qualifying term ‘ pilzeel 
lose ' [Morph, u. Biol, d. Pilze u. Flechten, Leipzig, 1884]. 

C. Richter, on the other hand, shows that these reactio 
are merely a question of methods of purification or prepai 
tion [Silzungsber, Acad. Wien, 82, i, /194], and considers th 
the tissue-substance is an ordinary cellulose, with the ordina 
reactions masked by the presence of impurities. In regard 
the lower types of fungoid growth, such as yeast, the resui 
of investigators are more at variance. The researches 
Salkowski (p. X13) leave little doubt, however, that the cel 
membrane is of the cellulosic type. 

The author’.s researches extend over a typical range ( 
products obtained from Boletus edulis^ Agmucus campestrl 
Caniharellus cibarms^ MorcMla esculenta^ Poly par us qfficmali 
Penicilli'um glaucuin, and certain undetermined .species. Th 
method of purification consisted mainly in {(i) exhaustive treal 
ments with ether and boiling alcohol, {p) dige.stion with alka 
line hydrate (1-2 p.ct, NaOPI) in the cold, (c) acid hydrolysi 
(2-3 p.ct. HgSO^j) at 95"’- 1 00°, followed by a chloroxidatioi 
treatment by the processes of Schulze or Ploffmcister, and fina 
alkaline hydrolysis, 
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Thcj products, i.e. residues, thus obtained were different in 
essential points from the celluloses isolated from the tissues of 
phanerogams similarly treated. Only in exceptional cases do 
they give blue reactions with iodine in presence of zinc chloride 
or sulphuric acid. The colourations are brown to red. They 
resist the action of cuprammonium solutions. They are for the 
most part soluble in alkaline hydrate solution (5-10 p.ct, 
NaOH) in the cold, They give small yields (1-2 p.ct.) of 
furfural on boiling with 10 p.ct, liCl.Aq. 

Elementary analyses gave the following results, which are 
important in establishing the presence of a notable proportion 
of nitrogen, which has certainly been overlooked by the earlier 
observers ; — 


‘ Cellulose ’ or residue from 

C 

H 

N 

Boletus ecliiHs (Schulze process) , 


6-5 

3*9 

Boletus cclulia (Holfmeister process) 


0-3 

3*0 

Polyporiis off, 

437 

0-5 

07 

Cuntharelins cib 

1 

0-8 1 

3-0 

Agaricus canipestris .... 

44*3 

6*6 

3*6 

Botrytis 


C *3 

3 '9 

Penicillium glaucum .... 

— 


3 '3 

MorchcIIa esculenta .... 


i_ 

2*3 


It is next shown that this residual nitrogen is not in the 
form of residual proteids (i) by direct tests, all of which gave 
negative results, and (2) indirectly by the high degree of re- 
sistance to both alkaline and acid hydrolysis. The ‘ celluloses ’ 
are attacked by boiling dilute acids (i p.ct. HgSO.^), losing in 
weight from 10 to 23 p.ct., the dissolved products having a 
cupric reduction value about 50 p.ct, that of an equal weight 
of dextrose. As an extreme hydrolytic treatment the products 
were dissolved in 70 p.ct. H2SO4, allowed to stand 24 honns, 
then considerably diluted (to 3 p.ct. HySO^) and boiled to 
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complete the iaversion. The yields of glucose, calcul 
from the cupric reduction, were as follows : — 


Boletus edulis , 
Polyporua off. . 
Agaricus campesLris 
Morchella esculcnta 
Cantharelius cib. 
Botrytis , 


65*3 p.cL. 
947 1. 
59*1 „ 

f)0*I „ 

„ 

60 ’8 ,, 


It will be noted that the exceptionally high yield from 
Polyporus cellulose is correlated with its exceptionally 
nitrogen. By actual isolation of a crystalline dextrora 
sugar, by preparations of osazonc and conversion into saccl 
acid, it was proved that dextrose was the main produc 
hydrolysis. The second main product was shown to 
acetic acid, the yield of which amounted to 8 p.ct. in se\ 
cases. 

Generally, therefore, it is proved that the more rcsis 
tissue constituents of the fungi are not cellulose, but a c 
plex of carbohydrates and nitrogenous groups in combinal 
the former being resolved into glucoses by acid hydrolysis, 
the latter yielding acetic acid as a characteristic produc 
resolution together with the nitrogenous groups in the forr 
an uncrystallisable syrup. 

In' the further prosecution of these investigations (2) 
author proceeded from the supposition of the identity of 
nitrogenous complex of the original tissue with chitin, 
adopted the method of Ledderhose (Ztschr. Physiol. Chen 
213) for the isolation of glucosamin hydrochloride, whici 
succeeded in obtaining in the crystalline form. In the nv 
time E. Gilson had shown that these tissue substancej 
^ fusion ’ with alkaline hydrates yield a residue of a nitrogei 
product (Ci^HggNgOio), which is soluble in dilute a 
[Recherches Chim. sur la Membrane Cellulaire des Ch 
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pignons, La Cellule, v. ii, pt. i]. This residue, which was 
termed mycosia by Gilson, has been similarly isolated by the 
author. It is proved, therefore, that the tissues of the fungi 
do contain a product resembling chitin, [See also Gilson, 
Compt. Rend. 120, 1000.] This constituent is in intimate 
union with the carbohydrate complex, which is resolved 
similarly to the hemicelluloses. Various intermediate terms 
of the hydrolytic series have been isolated. But the only 
fully identified product of resolution is the dextrose which 
finally results. 


UEBER DIE KOHLENHYDRATE D. HEFE. 

E. Salkowski (Berl. Ber., 27, 3325). 

ON THE CABBOHYDRATES OF YEAST, 

The author has isolated the more resistant constituents of 
the cell-membrane by boiling with dilute alkalis, and exhaus- 
tively purifying with alcohol and ether. 

The residue was only a small percentage (3-4 p.ct.) of the 
original, and retained only 0*45 p.ct. N. 

It was heated in a digester with water at 2-3 atm. steam- 
pressure, and thus resolved into approximately equal por- 
tions of soluble cellulose {ct) and insoluble (b). The latter, 
giving no colour-reaction with iodine, is termed achroo- 
cellulose ; the former reacts, and is therefore termed erythro- 
ccllulose. The former is easily separated from its opalescent 
solution. It has the empirical composition of cellulose. In 
the soluble form it resembles glycogen, The achroocellulose 
is isolated in the form of horny or agglomerated masses. It 
appears to be resolved by ultimate hydrolysis into dextrose and 
mannose. 

I 
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(i) Reactions of the Carbohydrates with Hyd 

Peroxide. 

C. F. Cro.sh, E, J. Bevan, and Claud Smith (J. Chem 
1898, 463). 


(2) Action of Hydrogen Peroxide on Carbohydrat 
the Presence of Ferrous Salts. 

R. S. Morrell and J. M. Crorts (J. Chein. Soc., 1899, 


(3) Oxidation of Furfuraldehyde by Hydrogen Pert 

C. F. Cross, E. J. Bevan, and T. I-Ieiberg (J. Ch. Sc 

1899, 747 )’ 

(4) EINVVIRKUNG VON WASSERSTOFFHYPERC 
AUF UNGESATTIGTE KOHLENWASSERSTOFJ 

C. F. Cross, E. J, Bevan, and T. Heiberg (Berl, Ber., 

201s). 

action of hydrogen peroxide on unsatura 

HYDROCARBONS. 

The above series of re.searches grew out of the observi 
incidental to the use of the peroxide on an oxidising age 
investigating the hydrolysed furfuroids (102). Certain rer 
able observations had previously been made by H, J 
Fenton (Ch. Soc. J., 1894, 899; 1895, 774; 1896, 546)0 
oxidation of tartaric acid by the peroxide, acting in presen 
ferrous salts, the —CHOH— CHOH— residue losing Hg 
production of the unsatiiratcd group, — Oli.C ~ C.Ol 
These investigations have subsequently been considerablj 
veloped and generalised by Fenton, but as the results hav 
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immediate bearing on our main subject we must refer readers 
to the J. Chem. Soc., 1896-1900. 

From the mode of action diagnosed by Fenton it was to 
be expected that the CHOH groups of the carbohydrates 
would be oxidised to CO groups, and it has been established 
by the above investigations (i) and (2) that the particular 
group to be so affected in the hexoses is that contiguous to 

the typical — CO group. There results, therefore, a dicarbonyl 
derivative osone '), which reacts directly with 2 mol. phenyl 
hydrazine in the cold to form an osazone. This was directly 
established for glucose, Isevulose, galactose, and arabinose 
(2). While this is the main result, the general study of the 
product shows that the oxidation is not simple nor in direct 
quantitative relationship to the £[^02 employed, The mole- 
cular proportion of the aldoses affected appears to be in con- 
siderable excess, and the reaction is probably complicated by 
interior rearrangement. 

In the main, the original aldehydic group resists the 
oxidation. But a certain proportion of acid products are 
formed, probably tartronic acid. On distillation with con- 
densing acids a large proportion of volatile monobasic acids 
(chiefly formic) are obtained. The proportion of furfural 
obtained amounts to 3-4 per cent, of the weight of the 
original carbohydrate. 

Since the general result of these oxidations is the substitu- 
tion of an OH group for an H atom, it was of interest to 
determine the behaviour of furfural with the peroxide. The 
oxidation was carried out in dilute aqueous solution of the 
aldehyde at 2o'’-4o“, using 2-3 mols. HgOg per i moL CcIT^Og. 
The main product is a hydroxy furfural, which was separated 
as a hydrazone, A small quantity of a monobasic acid was 
formed, which was identified as a hydroxypyromitcic acid. 

Both aldehyde and acid appear to be the a ^ derivatives. The 
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aldehyde gives very characteristic colour reactions with 
glucinol and resorcinol in presence of hydrochloric acid, 
so closely resemble those of the lignocelluloscs that l 
little doubt that these particular reactions must be refe 
the presence of the hydroxyfurfural as a normal constitiu 

The study of these oxidations was then extent 
typical unsaturated hydrocarbons — viz* acetylene and b( 
(4) b’roiu the former the main product was acetic acid, 1 
attendant formation of traces of ethyl alcohol indicate 
the hydrogen of the peroxide may take a direct part 
and other reactions* This view receives some suppoi 
the fa(a that the interaction of the H^jO^ with t)erman|. 
has now been cslablLshed to be an oxidation of the 
peroxide by the permanganate oxidation, with lii)c 
therefore, of the 0^ of the peroxide as an unn 
molecule [Baeycr]. 

Benzene itself is also powerfully attacked by the p( 
when shaken with a dilute solution in presence of iro) 
The products are phenol and pyrocatechol, with 
([luintity of an amorphous product prolmbly form( 
condensation of a (jiiinone with the phenolic produ 
reaction. 

'rhese ‘types of oxidation effects now established 
definite significance to the physiological functions ( 
peroxide, which is a form of ‘active oxygen* of ext 
wide distribution. It would have been difficult a pri 
devise an oxidant without sensible action on aldchydic ^ 
ycL delivering a powerful attack on hydrocarbon rings 
have suggested a synthesis of the sugars from tartara 
with a powerful oxidising treatment as the first and os 
stage in the transformation. 

Our present knowledge of such actions and effects sx 
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a number of new clues to genetic relationships of carbon 
compounds within the plant. The conclusion is certainly 
justified that the origin of the pentoses is referable to oxida- 
tions of the hexoses, in which this form of ‘ active oxygen ’ 
plays an important part. 

We must note here the researches of 0 . Ruff, who has 
applied these oxidations with important results in the 
systematic investigation of the carbohydrates, 

UEEER DIE VERWANDLUNG DER Z?-GLUCON- 
SAURE in Z)-ARABIN 0 SE (Berl, Ber., 1898, 1573). 

CONVERSION OF Z).GLUCONIC ACID INTO D-ARABINOSE . 

D UND /ARABINOSE {IhUi, 1899, 550)* 


ZUR KENNTNISS DER OXYGLUCONSAURE {Ibid 1899, 

2269), 

ON OXYGLUCONIC ACID. 

Ruff in these researches has realised a simjfie and direct 
transition from the hexoses to the pentoses. Ey oxidising 
gluconic acid with the peroxide the ^ — CHOH — group 
is converted into carbonyl at the same time that the terminal 
COOH (a) is oxidised to CO^. The yields of the resulting 
pentose are large, Simultaneously there is formed an oxy- 
gluconic acid, which appears to be a kctonic acid of formula 
— CI-ipH.C 0 .(CH 0 H) 3 .C 00 Ii— , 

From these results we see a further range of physiological 
probabilities ; and with the concurrent actions of oxygen in the 
forms of or related to hydrogen peroxide on the one side, and 
ozone on the other, we are able to account in a simple way 
for the relationships of the ^furfuroid’ group, which may 
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include a number of intermediate terms in the hexose-p 
series. 

Following in this direction of development of the nnl 
a study of the action of pcrsulphiiric acid upon furfural. 


EINWIRKUNG DES CARO’SCHEN REAGENS 
FURFURAL, 


C. F. Cross, E. J. Bisvan, and J. F. Briggs (Berl Ber,; 

3’f32)- 

Regarding this reagent as another form of ‘ active q-j 
it is important to contrast its actions with those of the hy( 
peroxide. Instead of the a ^-hydroxy furfural {anUf i , 
obtain the a 8-aldehyde as tlie first product. The aid 
group is then oxidised, and as a result of attendant hyd 
the ring is broken down and succinic acid is formc' 
original aldehydic group of the furfural being split off 
form of formic acid. The reactions take place at the or 
temperature and with the dilute form of tlie reagent dcs 
by Bacyer and Villlgcr (Ber. 32, 3625). These result! 
some special features of interest. The a S-hydroxyfurfiv 
similar colour reactions to those of the a /5- derivative 
may also therefore be present as a constituent of the 
celluloses. The tendency to attack in the x‘4 posit 
relation to an aldehydic group further widen.s the capa 
of 'active oxygen’ in the plant cell. Lastly, this 
simplest transition yet disclosed from the succinyl to f 
grouping, being effected by a regulated proportion of 0 
and under conditions of reaction which may be descri 
of the mildest. " In regard to the wide-reaching functi 
asparagin in plant life, we have a new suggestion of g 
connections with the furfuroids, 
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VERGLEICH DER PENTOSEN-BESTIMMUNGSME- 
THODEN VERMITTELST PHENYLHYDRAZIN 
UND PHLOROGLUCIN. 

M. Kroger (Inaug,-Diss., Gottingen, 1895). 

COMPARISON OF METHODS OF ESTIMATING FURFURAL 
AS HYDRAZONE AND PHLOROGLUCIDE. 

The author traces the development of processes of esti- 
mating furfural (i) by precipitation with ammonia (furfuramide), 
(2) by volumetric estimation with standardised phenylhydra- 
zine, (3) by weighing the hydrazone. 

In 1893 (Chem. Ztg. 17, 1745) Plotter described a method 
of quantitative condensation with pyrogallol requiring a tem- 
perature of ioo°-Tio° for two hours, The insoluble product 
collected, washed, dried at 103°, and weighed, gives a weight of 
I ’974 grm, per i grm. furfural. 

Councler substitutes phloroglucinol for pyrogallol, with the 
advantage of doing away with the digestion at high tempera- 
ture, {Ibich 18, 966.) This process, requiring the presence of 
.strong PI Cl, has the advantage of being applied directly to the 
acid di.stillate, in which form furfural is obtained as a product 
of condensation of pentoses, &c. A comparative investiga- 
tion was made, precipitating furfural {a) as hydrazone in 
px'esence of acetic acid, and (^) as phloroglucide in presence 
of PICl (12 p.ct,). In {d) by varying the weights of known 
quantities of furfural, and using the factor, hydrazone 
X o’5i6[-1- 0*0104] in calculating from the weights of preci- 
pitates obtained, the maximum variations from the theoretical 
number were -1-1*71 and — 1*74. In [p) it was found neces- 
sary to vary the factor from 0*52 to 0*55 in calculating from 
phloroglucide to furfural, The greatest total range of varia- 
tion was found to be 2*5 p.ct. The phenol process is therefore 
equally accurate, has the advantages above noted, and, in 



120 


Celhtlose 



addition, is less liable to error from the pressure in the disd 
obtained from vegetable substances of volatile products 
kelonic compounds, accompanying the furfural 

This method has been criticised by Hclbel and Zcisel | 
her. Wiener Akad. 1895, lO/], ii. p, 335] on two groun 
error, viz. (t) the presence of diresorcinol in all ordinary 
parations of phloroglucinol, and (2) changes in weight c 
precipitate of phloroglucide on drying. The process 
carried out comparatively with ordinary prei)arations, and 
specially pure preparations of the phenol The quanti 
results were identical The criticisms in question are t 
fore dismissed. Although the process is to be recomme 
for its simplicity and the satisfactory concordance of r 
it is to be noted that it rests upon an empirical 
since the phloroglucide is not formed by the simple rei: 

have the composition 

In part ii, of this paper the author discusses the qut 
of the probable extent in the sense of diversity of constit 
of furfural -yielding constituents of plant-tissues. Cllucoso 
isolated from gliicosazon, and found to yield 2 '9-3 *6 
furfural Gluconie acid distilled with hydrochloric acid 
traces of furfural; so also with sulphuric acid and man 
oxide, 

Starch was oxidised with permanganate, and a mixti 
products obtained of which one gave a characteristic 
colouration with phloroglucol, with an absorption-band 0 
D line. On distilling with liCl furfural was obtained in 
quantity. The product in cpiestion was found to be 
sensitive to the action of bases, and was destroyed b 
incidental operation of neutralising the mixture of oxi 
products with calcium carbonate. It was found impos.sil 
isolate the compound. 
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UNTERSUCHUNGEN UEBER DIE PENTOSAN- 
BESTIMMUNG MITTELST DER SALZSAURE- 
PPILORO-GLUCIN-METHODE.i 

E. Kroner (Journ, f. Landwirthschaft, 1901, 357). 

INVESTIGATION OF THE HYDROCHLORIC ACID-PHLORO- 
GLUCINOL METHOD OF DETERMINING PENTOSANES, 

This paper is the most complete investigation yet published 
of the now well-known method of precipitating and estimating 
furfural in acid solution by means of the trihydric phenol. In 
the last section of the paper is contained the most important 
result, the proof that the insoluble phloroglucide is formed 
according to the reaction 

"I" “ sPIgO ~ 

also, by varying the proportions of the pure reagents inter- 
acting, that the condensation lakes place invariably according 
to this equation. 

Incidentally the following points were also established : — 
The solubility of the phloroglucide, under the conditions of 
finally separating in a condition for drying and weighing, is 
I mgr. per 100 c.c. of total solution, made up of the original acid 
solution, in which the precipitation takes place, and the wash- 
water required to purify from the acid. The phloroglucide is 
hygroscopic, and must be weighed out of contact with the air. 
The presence of diresorcinol is without influence on the result, 
provided a sufficient excess of actual phloroglucinol is employed; 
Thus even with a preparation containing 30 p.ct. of its weight of 
diresorcinol the influence of the latter is eliminated, provided 
a weight be taken equal to twice that of the furfural to be pre- 
cipitated. The phenol must be perfectly dissolved by wa^rming 
with dilute IrICl (1*06 sp.gr.) before adding to the furfural 

^ This paper appears during the printing of the author’s original MS, 
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solution. For collecting the precipitate of phloroglucide 
author employs the Gooch crucible. 

The paper contains a large number of quantitative result 
proof of the various points established, and concludes ^ 
elaborate tables, giving the equivalents in the known pent( 
and their anhydrides for any given weight of phlorogluc 
from o’o^o to 0*300 grm. 

UEBER DEN PENTOSAN-GEHALT VERSCIIIEDEN 
MATERTALIEN. 

B. Tollens and IT. Glaubitz (J. fiir Landwirtsclmft, 
1897, 97). 

ON THE PENT08ANE CONSTITUENTS OF FODDER-PLAN 
AND IWALT. 

(p. 1 71) {a) The authors have re-determined the yield 
furfural from a large range of plant-products, using the phlc 
glucol method. The numbers approximate closely to th 
obtained by the hydrazone method. The following may 
cited as typical: 


SubaUuico 

Furfural p.cl. 

Rye (Gottingen) 

. , 6*03 

Wheat (squarehead). 

475 

Barley (peacock) . , 

4'33 

Oats (Gottingen) 

7*72 

Maize (American) 

3 ’17 

Meadow hay , 

tt *63 

Bran (wheat) , 

. . 13*06 

Malt .... 

. . 6*07 

Malt- .sprouts , 

8*56 

Sugar-beet (exhausted) 

• . TP95 


ip) A comparison of wheat with wheat bran, &c. v 
made by grinding in a mortar and ‘ bolting ’ the flour throu 
a fine silk sieve. The results showed : 

Furfural p.cl. 


Original wheat 4*75 

Fine flour a: *73 

Bran {24 p.cl, of wheat) . . . 11*25 

Wheat-bran of commerce , , # 13*06 
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It is evident that the peiitosanes of wheat are localised in the 
more resistant tissues of the grain. 

(^r) An investigation of the products obtained in the analy- 
tical process for ‘ crude fibre ’ gave the following : 

(i) In the case of brewers’ grains : 

100 grms. grains , gave furfural == 29*43 pentosans 
r 20 ,, crude fibre „ ,, = 2*52 

-[ Acid extract , , ,, = 22*76 

I Alkali ,, , . n " 

Deficiency from total of original grains 2*95 

29*43 


(2) In the case of meadow hay : 

The crude fibre (30 p.ct.) obtained retained about one 
fourth (23*63 p.ct.) of the total original pentosanes. 

(d) An investigation of barley- malt, malt-extract or wort, 
and finished beer showed the following : An increase of fur- 
furoids in the process of malting, 100 pts. barley with 7*97 
of ‘ pentosane ’ yielding 82 of malt with 1 1 ■ 18 p.ct, ‘ pentosane * ; 
confirming the observations of Cross and Be van (Ber. 28, 
2604). Of the total furfuroids of malt about ^ dissolved 
in the mashing process. In a fermentation for lager beer 
it was found that about of the total furfuroids of the malt 
finally survive in the beer; the yield of furfural being 2*92 p.ct. 
of the Hotal solids’ of the beer. In a ‘Schlempe’ or ‘pot 
ale,’ from a distillery using to i part malt 4 parts raw grain 
(rye), yield of furfural was 9 p.ct. of the total solids. 

In a general review of the relationships of this group of 
plant-products it is pointed out that they are largely digested 
by animals, and probably have an equal ‘assimilation’ value to 
starch. They resist alcoholic fermentation, and must conse- 
quently be taken into account as constituents of beers and 


wines, 
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UEBER DAS VERHALTEN DER PENTOSANE DEI 
SAMEN BEIM KEIMEN.i 

A. ScHONE and B, Tollens (Jour. L Landwirthschaft, 
J901, 349), 

BEHAVIOUR OF PENTOSANES OF SEEDS IN CERIVHN 

TION. 

The authors have investigated the germination of barl 
wheat, and peas, in absence of light, and generally with exc 
sion of assimilating activity, to determine whether the oxic 
tion with attendant loss of weight, which is the main chemi 
feature of the germination proper, affects the pentosanes 
the seeds. The following are typical of the quantitative resu 
obtained, which are slated in absolute weights, and not p( 
centages. 



seed 

^ Malt or 

germinated product 

Pentosano in 


A 

B 

A 

B 

Barley . 

5 00 ’(30 

.( 3 d *88 

39'58 

,1038 

>> * 

500 ’UO 


dO *52 

/|I*I7 

Peas 

300*00 

aSG’Go 


15*97 


The authors conclude generally that there is a slight absi 
lute increase in the pentosanes, and that the pentosanes do iv 
belong to those reserve materials which undergo destructh 
oxidation during germination. 

In this they confirm the previously published results c 
De Chalmot, Cross and Bevan, and Gotze and Pfeiffer. 

UEBER DEN GEPIALT DER BAUMWOI.LE AN 
PENTOSAN. 

H. SuaiNGAR and B. Tollenk (Ztschr. angew. Chem., 
1897, 1). 

PENTOSANE CONSTITUENTS OF COTTON. 

(p, 290) It has been stated by Link and Vo.swinkc 
(Pharm. Centralhalle, 1893, 253), that raw cotton yield 

^ This paper appears during the printing of the author’s original MS, 
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^ wood gum ’ as a product of hydrolysis. The authors were 
unable to obtain any pentoses as products of acid hydrolysis 
of raw cotton, and traces only of furfural -yielding carbohydrates. 
They conclude that raw cotton contains no appreciable 
quantity of pentosane. 


(p. 1 31) Liguooellulose Esters. — By a fuller study of 
the ester reactions of the normal celluloses we have been 
able to throw some light on the constitutional problems 
involved ; and we have extended the investigations to the jute 
fibre as a type of the lig no celluloses, from the results of which 
we get a clearer idea of the relationships of the constituent 
groups. 

Taking the empirical expression for the complex, i.e. the 
entire lignocellulose, the formula CijjHjjjOj), we shall be able 
to compare the ester derivatives with those of the celluloses, 
which we have also referred to a unit. But wo shall 
require also to deal with the constituent groups of the complex, 
which for the purposes of this discussion may be regarded as 
[d) a cellulose of normal characteristics — cellulose a; (d) a 
cellulose yielding furfural on boiling with condensing acids — 
cellulose /?; and (c) a much condensed, and in part benze- 
noid, group which we may continue to term the liguorie 
group. 

The latter has been specially examined with regard to its 
proportion of OH groups, as a necessary preliminary to the 
investigation of esters, in producing which the entire complex 
is employed. It will be shown that the ester groups can be 
actually localised in various ways, as in the main entering the 
cellulose residues a and / 3 . But that the lignone group takes 
little part in the reactions may be generailly concluded on the 
evidence of its non-reactivity as an isolated derivative, (i) By 
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chlorination, &c. it is isolated in the form of an amorpho 
body, but of constant composition, represented by the fonm 
CigliigCl^Oo. This compound, soluble in acetic anhydric 
was boiled with it for six hours after adding fused sodiu 
acetate, and the product separated by pouring into watc 
The dilute acid filtered from the product contained no hydn 
chloric acid nor by-products of action. The product showc 
an increase of weight of 7’S p.ct. For one acetyl per i me 
CxoHigCliO the calculated increase is 8*o p.ct. It is evidei 
from the nature of the derivative that this result cannot I 
further verilied by the usual analytical methods. (2) TJ 
chlorinated derivative is entirely soluble in .sodium sulphil 
solution. This solution, shaken with benzoyl chloride, wit 
addition of sodium hydrate in successive portions, shows on] 
a small formation of insoluble benzoate, which .separates as 
tarry precipitate. (3) The empirical formula of the lignon 
complex in its isolated forms indicates that very little hydre 
lysis occurs in the processes of isolation. Thus the chlorinate 
product, we may assume to be derived from the comple 
CioHjjgOt). In the soluble by-products from the bisulphit 
processes of pulping wood the lignone exists as a sulphonatei 
derivative, CyJrl2g(0CH3)2.(S03H).07, The original lignon 
may be regarded as passing into solution as a still condense( 
complex derived from QaFIaiiOia (Tollcns). There is evi 
dently little attendant hydroxylation, and another essentia 
feature is the small molecular proportion of groups showing 
the typical sulphonation, 

It appears that in the lignone the elements are approxi 
mately in the relation Q ; H ; O3, and it may assist this dis- 
cussion to formulate the main constitutional types consistem 
with this ratio, viz. : 

(i) The trihydroxybenzenes C(}Ii3(OIi)3. 

(3) Methylhydroxyfurfural C{jH 20 ,(OK)(CH 8 ). 
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/(CH3) 

(3) Methylhydroxypyrone CO<C4H2 ^O. 

^(OH) 

(4) Trioxycyclohexane CH— CH— CH— CH— CH— CH 

\o/ 

It is probable that all these types of condensation are 
represented in the lignone molecules, since the derivatives 
yielded in decompositions of more or less regulated character 
are either directly derived from or related to such groups, 
For the moment we pass over all but the general fact of com- 
plexity and the marked paucity of OH-groups. It would 
be of importance to be able to formulate the exact mode of 
union of the lignone with the cellulose residues to constitute 
the lignocellulose. The evidence, however, does not carry us 
farther than the probability of union by complicated groups 
and of large dimensions ; for not only is the lignone isolated 
in condensed and non-hydroxylated forms, but the cellulose 
also is not hydrated or hydrolysed further than in the ratio 
3C(jIiio05.H2^* probable, therefore, that the water 

combining with the residues at the moment of their resolution 
is relatively small. 

Lastly, we have to remember, when dealing with the 
statistical results of the reactions to be described, that the 
approximate proportions per cent, of the constituent groups 
are : 

Cellulose a . 65 | 

„ ^ . 15 j- = 100 lignocelkilose, 

Lignone . 20 j 

Jute Benzoates* — In preparing the jute for treatment 
it was boiled in alkaline solution (i per cent, NaOH), washed 
with water and dilute acid, again washed, dried, and weighed. 

In the ester reaction the reagents were employed in the 


128 


Cellulose 


proportion Q2 ^’^i80q' 3NaOH : 2 CoHqCOC 1. A series 
quantitative experiments gave yields of 126-130 p.ct. of b 
zoaLe [calculated for monobenzoate 134 p.ct,]. 

The results were confirmed by ultimate analysis, n 
monobenzoate therefore represents a maximum, and 1 
molecular proportion is one-half of that observed with 
normal cellulose, calculated to the same unit. 

Zocallsation of Benzoyl Group , — The entrance of 
ester group affects the typical colour reactions of the lig 
cellulose, which are fainter. The ferric ferricyanidc 
action almost disappears. The lignone group i.s unaffect 
and combines with chlorine as in the original. The ligne 
chloride is removed by sodium sulphite solution, and 
residue is a cellulose benzoate. The loss of weight due 
the elimination of 'the lignone was X2'7 p.ct. Calculating 
100 of the original lignocellulose this becomes 16. Th 
statistics further confirm the localisation of the benzoyl gre 
in the cellulose residue. It is to be noted that the presej 
of the benzoyl group renders the cellulose more resistant 
hydrolytic actions. Thus, to bring out this fact more proi 
nently, we may calculate the yield of residual cellul 
benzoate p.ct, of original jute, and we find it 109 p 
Taking a maximum proportion for original cellulose — viz. St 
this benzoate represents a yield of 129 p.ct,, as agai 
the theoretical for a monobenzoate, 132 p.ct. 

Furfural Numbers , — Tlic percentage of furfural obtaii 
by boiling with HCl of r*o6 sp.gr. was 3'02 and 3‘29 in separ 
determinations. Calculating to the original ligno-cellulc 
the percentage, 4*21, indicates a considerable loss of 
fiirfiiral-yielciiig consLiuujnt, The effeci was also aj)piirenl 
die ci-ilnlose (benzoate) i.solaie(i by elilorinaiion Ov'c., tlie 
ceetago being t'39 p.cl., and calculated to the original j 
benzoate 1*59 p.ct. 'Under the conditions adopted in ( 
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solving away the chlorinated lignone the original non- 
benzoated lignocellulose would have yielded a cellulose giving 
6 to 7 p.ct. furfural 

Since the benzoyl group is hardly calculated to produce a 
constitutional change affecting the furfural constants, it was 
necessary to examine the effect of the preliminary alkaline 
treatment, and the change in the furfuroid group was in fact 
localised in this reaction. It was found that, on washing the 
alkali from the mercerised jute, and further purifying the 
residue, this latter \ielded only 4*2 p.ct furfural [3*4 p.ct. on 
original fibre]. The alkaline solution and washings were 
acidified and distilled from 10 p.ct. liCl, yielding an additional 
3*6 p.ct. calculated to the original lignocellulose, By treat- 
ment with the concentrated alkali, therefore, the furfuroid of 
the original lignocellulose undergoes little change, but is 
selectively dissolved. This point i. under further investi- 
gation. 

(p. 132) Acetylation of Lignocelluloses —Ace- 
tates are readily formed by boiling the lignocelluloses with 
acetic anhydride. The derivatives obtained from jute are 
only generally mentioned in the tst edition (p. 152). A 
further study of the reactions in regard to special points 
has led to some more definite results. The yields of pro- 
duct by the ordinary and simple process are 114-115 pxt, 
But on analysing the product an important discrepancy is 
revealed, 

For the saponification we employ a solution of sodium 
ethylate in the cold. The following numbers were obtained ; 

Acetic acid Hydrocelluloae residue 
27'3 77*8 

Calc, for diacetate on C12H18OJ) 30*8 78*4 

The derivative is approximately a diacetate, and on the 
assumption of a simple ester reaction the yield should be 
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127 p.ct, Assuming that the difforcncc of 13 p.ct. i 
to loss of water by internal condensation, it ap[)cars th 
each acetyl group entering, 2 mol l-I^O are split off. 

The jute acetate showed the normal reaction with chi 
and the lignone chloride was dissolved by treatment 
sodium sulphite solution. Tlic fibrous residue was coloi 
Tt proved to be a cellulose acetate, The following nui 
were obtained on saponification : 


Auctic ticid Cellulose 

31*6 ycro 

30-9 68 

Calc, for diacetalG on 29-4 79-9 


The interpretation of these numbers appears to be 
in the original reaction with the lignocellulose it is the cel 
residue which is acetylated, and at the same time condt 
The cellulose residue which undergoes condensation is r 
the normal constitution, since the normal cellulose is a 
ated without condensation (see p. 4 t). On saponific 
a portion of the 'cellulose, in again combining with wal 
hydrolysed to soluble products. The lignone group 
exists in the lignocellulose has no free OH groups, and 
bably no free aldehydic groups such as would react wit 
anhydride. Such groups may, however, be originally pn 
and may take part in the internal condensations which 
been shown to occur. The furfural constants of the 1 
cellulose are unaffected by the acetylation and condens. 
The hygroscopic moisture of the product is lowered 
TO"ii p.ct. in the original to 4*5 p.ct. The ferric ferricy 
reaction is inhibited by the disappearance of the rej 
groups, upon which this curious and characteristic phenom 
depends (ist ed,). 

Acetylation of Benzoates.— The cellulose d 
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zoate basis) and the jute mono benzoate were acetylated 
under comparative conditions. The results were as follows : 

C12 basis 

Cellulose dib ‘nzoate Jute monobenzoatc 
Calc, for Calc, for 

Found diacetat ‘ on Found diacetate on 

Ester reaction dlbetuoate monobenzoate 

Yield p.ct. 115 p.cfc. 124 p.ct. 120 p ct. 

SaponiRL-atim, [ J 53'5 SD'S 619 

NaOI'I combining 21 ‘3 35 *D 28 ‘4 2^3 

From these results it would appear that the number of 
acetyl groups entering the benzoates is the same as with the 
unbenzoylated fibres; the benzoyl has no influence upon the 
hydroxyls as against the acetyl. At the same time the internal 
condensation noticed in the acetylation of the jute appears not 
to occur in the case of the benzoate. 

Nitric Esters. — The numbers resulting from the 
quantitative study of the ester reaction and product (ist cd. 
p. 133) show a very large divergence of the yield of product 
from that which would be calculated from its composition 
(N p.ct.) on the assumption that the ester reaction is 
simple. Wc have repeated the results, and find with a yield 
of 14s p.ct. that the product contains ii'8 p.ct, N. 

The reaction 

gives a telranitrate with 11*5 p.ct, N and a yield of 159 p.ct. 
The ester reaction, therefore, is not simple, There are two 
sources of the loss of weight, The first of these is evident 
from the occurrence of certain secondary reactions which 
result in the solution of a certain proportion of the fibre 
substance in the acid mixture, To determine this quanti- 
tatively we have devised a suitable variation of the method of 
combustion with chromic acid (ist ed.). 

The variation is required to meet the difficulty occasioned 
by the tension of the nitric acid and products of deoxidation. 

The mixed acids (10 c,c.), containing the organic by-products 

K 2 
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in solution, arc carefully diluted in a small flask with an < 
volume of water, preventing rise of temperature. Ni 
fumes arc evolved during the dilution. Strong sulphuric 
(t5 c.c.) is now added, and the residue of nitrous f 
expelled by a current of air, agitating the contents of the 
from time to time. The combustion with CrOjj is then 
coed eel with in the ordinary way. The gases evolvec 
measiued (total volume) and calculated to C present ii 
form of products derived from the lignocellulose ; and, assu 
that this contains 47 p.ct. C, we may express the i 
approximately in terms of the fibre substance. The me 
was controlled by blank experiments, in which citric acid 
taken as a convenient carbon compound for combustion. 

C found was 34*9 p.ct. as against 34*3 p.ct. calculated, 
this method we find that with maximum yields of nitru 
143- 145 ]).ct. the organic matter in solution in the 
mixture amounted to 4*9 to 5*3 p.ct. of the original 1 
cellulose, 

Introducing this quantity as a correction of the yie 
nitrate in the original reaction, we must express the 143 
as obtained from 95 of fibre substance instead of 100. 

The yield per molecule (= 306) is Iher 

462, whereas for a telranilrate formed by a simple 
reaction the yield should be 486. The difference (24) r 
sents 1*5 mol. IlgO split off by internal condensation. 

The correction for total N is relatively small, raisii 
from 11*5 to 12*2, which remains in close agreement witl 
experimental numbers. 

Monohenzoaie . — Treated with the acid mixture yiel 
mixed nitrate. The yield is 130 p.ct., and the product 
tains 7*6 p.ct. O.NOg nitrogen, These numbers approxi 
to those required for reaction with 4liN03 groups, thn 
the residues entering the cellulose, and one (as NOg) 
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benzene ring of the substituting group. For such a reaction 
the calculated numbers arc : Yield 144 p.ct. ; O.NOg nitrogen 
7‘j p.ct, 

The experimental numbers require correcting for the 
amount of loss in the form of products soluble in the acid 
mixture, viz. 7 '6 p.ct, ; but they remain within the range of 
the experimental errors sufficiently to show that the benzoyl 
group limits the number of OH groups taking part in the 
ester reaction to three. The corrected yield per i mol. of 
jute benzoate (410) is 576, as against the calculated 590 for 
4HNO3 reacting. A loss of 1H2O per molecule by internal 
condensation is therefore indicated. 

Denitration. — The removal of the nitric groups from 
the esters is effected by digestion with ammonium sulphide. 
But the reactions are by no means simple. There is con- 
siderable hydrolysis of the lignocellulose to soluble products. 
Thus the tetmniirate yields only 46*4 of denitrated fibre in 
place of the calculated 66. The product is a cellulose, 
yielding only 0^5 per cent, furfural. The hydrolysed by- 
products, moreover, when freed from sulphur and distilled 
from hydrochloric acid, yielded only an additional 2*5 p.ct. 
furfural, calculated to the original lignocellulose. 

These statistics confirm the evidence that the ester 
reaction is not simple. Such changes take place in the lignone- 
/3-celluIose complex that they revert, not to their original 
form, but to soluble derivatives of different constitution. The 
mixed nitrate from the benzoate is denitrated to a cellulose 
amido-benzoate, which confirms the localisation of a nitro- 
group ill the benzoyl residue, 

(p, 157) General Characteristics of the Ligno- 
celluloses. — Later investigations have somewhat modified 
and simplified our views of the constitution of the typical 
lignocellulose (jute), so far as this can be dealt with by the 
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M.iti-.tu:s of iis nioiv iinixirtaiil, dfdoniiioKitions (ori 
PI'. i.S'/'ifti). 

Cellulose. 'I'licra is liuk; dmihi, thiU the rurfunil- 
mt' !,',inii|i!i III' ihii in-if;iiial are isnIaUal in the Ibrm o 
/i ivlliiliisr, Tiilli'iis (MU[iliasisrs this liuH in his stucli 
friliiliiae .. I'slimaliim na'tluuls. We had previously s 
("lij-inal, p, 150) ilial Ihe yield nf lurrural is not affeeti 
\\w thluritnilim, Inil it aiipear.s Irom mir niuuhers that 
50 p.''t, III these grtiiips remain in the isolated eellulost 
I'esidiie nnderniiinjj; hydrnly.sis to soluble compounds, 
larelully reppilated hydrolysis rollowinp; the chlorinatit 
appeals that the lurl'uroids are almost entirely eoaserved i 
inrin ol a crlluIoHr, 

Muivdvrr, an invchtif^aLion of ihu prodiuits dissolve 
MMiiian ^alI|ihiu* holution from tlus clilorinated fibre has s. 
llial lliey art^ pnu:ii<itily IVee iVoin rurfuroids. This eii 
ns In nxrhule llu‘ rurrunil-yicldinjf groups from the lig 
rnmplfx, At lint same Lime, through our later studies 0 
hydroxyluriurulH, it is (jeriiiin lluiL these fTOduots are n 
M*nted ill tlu‘ fibn* substance and [irobably in the lig 
cnniplt‘X, 

Chlorination Statistics.— *It has luam pointed out 
t'nireNpnmleiU ‘ to wliom w(t express our indebtedne 
that \v(^ }iav«‘ madi* a mistake in <‘alculaling the pro|,)orti( 
ligimne Imm the ratio nf tlu‘ (U combining with the 
sulistauee nr lignneellulnse (ji.cl.), to that of the (U/rm' 
llir isniated lignnnt* t^lilonde (p.<*t.). 'The lignocellulo.se ( 
Inwru with (‘blnrine in the ratio roo : H, but the lig 
thiniide cc//A//V//>/x 26*7 of chlorine means that, neglectin] 
bytlrngen subhtituted, 73 of lignone combine with the 2 
i hlmine a|>prnxinuitely, On the uniform percentage bash 
rnltailaled proportion of lignone would lie ,{^7, or a little 
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In regard to the proportion of hydration attending the 
resolution, we have shown on constitutional grounds that this 
must be relatively small. Assuming approximately the formula 
Cigli2209 for the lignonc residue as it exists in combination, 
and the anhydride formula for the cellulose, these revised 
statistics now appear, as regards the carbon contents of the 
lignocellulose : 

Cellulose, 44*4 C; lignone, 57*8. 

80 X <14*4 -r 100 = 35*52 
20 X 57*8 -r 100 =5 11-56 

47*o8 p.ct, C in lignocellulose. 

These conclusions are in accordance with the experimental 
facts, and, taken together with the new evidence we have 
accumulated from^ a .study of the lignocellulose esters, we may 
sum up the constitutional points as follows : The lignocellulose 
is a complex of 

Cellulose a Cellulose^ Lignone 

O5 p.ct. T5 p.ct, 20 

Allied to the normal Yielding furfurnl ap- One-thircl of which 

celluloses proximalely sn p.ct. is of benzenoid 

type 

The lignonc contains but little hydroxyl. The celluloses 
are in condensed hydroxyl union with the lignone, but the 
conrbination occurs by complexes of relatively large molecular 
weight. 

DIE CHEMIE DER LIGNOCELLULOSEN— EIN 
NEUER TYPUS. ' 

W. C. I-Tancock and O. W. Dahl (Berl. Ber., 1895, 1558). 

CHEIVIISTRY OF LICN0CELLUL08ES— A NEW TYPE. 

The stem of the aquatic /Escltynonune aspera offers an 
exceptional instance of structural modification to serve the 
special function of a ‘ float,’ i grm. of subslance occupying an 
apparent volume of 40-50 c.c. This pith-like substance is 
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morphologically a Iriio wood (JJo Bary), and the mill 
inveHligatioiiH now CHlahlish that it is in ul! fundamental p( 
of chemical composition a lignocellulose, although fron 
colouv reactions it has been considered by botanists to 
cellulose tissue* containing a proportion of lignillcd ( 
Thus the main tissue is stained blue by iodine in present: 
hydriodic acid (1*5 s.g.), and the colour is not changec 
washing. The ordinary, lignocelluloses are stained a pi 
brown changed to browJi on washing* The reactions 
phloroglucol and with aniline salts, characteristic of tl 
compounds, is only faintly marked in the main tissue, Iht 
strongly in certain individual cells, 

Tile following quantitative detoj-ininations, however, 
tahlish the clcjse similarity of the product to the typical lij 
celluloses ; 

Ekmcnfary A naJysk. — C 4^*55) H 6*7. Furfural 1 1 * 6 [ 
of which there remained in the residue from alkaline hydro 
(71’ p.ct.) 8*0, i.e. about 70 p.cL The distribution of 
furfuroids is therefore not affected by the alkaline trcalmeni 
Chlorination, — The substance (after alkaline hydrol; 
takes U[) 16 *9 p.ct. Cl, of which a[)proxlmately one-htil 
converted into hydrochloric acid, 

MethoxyL — O.CbL, estimated » 2*9 p.ct. 

Ferric Ferricyanidu Reaction , — Increase of weight du( 
liliie cyanide fixed (i) 75 ]).ct., (2) 96 p.ct. Ratio, Re ; 

■v: I ; 2, 4 . 

ifydroxyi Reactions , — In the formation of nitric ester.s 
in llie Huljihocarhonate reaction the substance gave res 
similar to those obtaining for the jute fibre. 

'Fhese results establish tlic general identity of this })c(;i 
product of [ilant life with the lignocellulose.s, at the .same t 
that they show that certain of the colour reactions supposet 
characterise the lignocelluloses are due to by-products wl 
may or may not be present. 


Lig-nocelluloseii 


137 


(p. 172) Composition of Elder Pith. — In a systematic 
investigation of the celluloses in relation to function we shall 
have to give special attention to the parcnchymatou.s tissues 
of all kinds. These are, for structural reasons, not easily 
isolated, for which reason and their generally * inferior ’ 
functions they do not present themselves to chemical observa- 
tion in the .same obvious way as do their fibrous relatives. 
The pith of the elder, however, is readily obtained in con- 
venient masses, and a preliminary investigation of the entire 
tissue has established the following points ; 

The reactions of the tissue are in all respects those of the 
lignocelluloses, 

Composition, — Ash, 2*2 p.ct, ; moisture in air-dry state, 
12*3 p.ct. Alkaline hydrolysis (loss): [a) 14*77, (^) 
Cellulose (yield), 52*33 p.ct. Nitrate-reaction complicated 
by secondary reactions and yields low, 90*95 p.ct. SulpJio- 
carho 7 iaie reaction : Resists the treatment, less than 10 p.ct, 
passes into solution, 

Furfural , — The original tissue yields 7*13 p.ct.; the 
residue from alkaline hydrolysis ip) 5*40 p.ct. 

This tissue is, therefore, a lignocellulose having the 
chemical characteristics typical of the group, but of less 
resistance to hydrolytic actions. 

The investigation will bo prosecuted in reference to the 
cause of differentiation in this latter respect, Probably the 
pectocelluloses are represented in the tissue. 

The Insoluble Carbohy dilates of Wheat (Grain). 

H. C. Shkrman (J, Amer. Chem, Soc,, 1897, 291), 

(p. 1 7 1) This is a study of the constituents of the cell- walls of 
wheat grain. Bran was taken as the most convenient form of 
the raw material, . being freed from starch by treatment with 
malt extract, and further treated (i) with cold dilute ammonia. 
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(2) cold dilute soda lye (2 p.ct, NaOH), and (3) hoi 
o’l p.ct. NaOH. The product retained only 1*25 f 
proleids, and yielded 15 '62 p.cL furfural. 

Acid Hydrolysis* — The product was boiled 30 mins. ^ 
dilute acid (1^25 p,ct. and the solution boiled i 

the Fehling test .showed no further increase of mono 
At the limit the reducing power of the dissolved cai 
hydrates was 91 ’3 p.ct., that of dextrose. Converted i 
osazones the analysis showed them to be pure peutosazo 
The hmicclhdose of wheat is, therefore, according to 
author, pure pentosane* 

Residue, — ^This was a lignocellnlosc yielding 11*5 ] 
furfural. It was subjected to a series of treatments with fc 
ferricyanide, and the proportion of Prussian blue fixed 
determined by increase of weight, viz. from to p.ct. to 47 1 
according to the conditions. The results confirmed thos( 
Cross and Bevan first obtained with the typical lignocellu 
(juLe). 

Chlorination * — The residue was boiled with dilute all 
washed, and exposed to chlorine gas. The resulting lign 
chloride was isolated by solution in alcohol, <Src. It yiel 
26*7 p.ct. Cl on analysis. In this and its projierties 
aiipeared to be identical Avith the product isolated by C 
and .Bevan from jute, with the empirical formula CxoHjyCf 

Cellulose was isolated from the residue by three of 
well-known methods, and the following comparative numl 
are noteworthy ; 


MeLhod 

F. Schulze 

nil, 

Lange 

Pus Ion KOII 

CroBH an 
Bevftn 

IINO:^ KC 10 .T 

Chlorine, <) 

CelluloKc; p.ct. obtained . 

66*0 

39 ' 3 -‘l 3 ’i 

06*5 

FurluTal p.ct. of cellulose 

ro 

3 ' 9 f> 

S'fia 

Residual nitrogen . 

0‘22 

0-03 

o‘oo 

Ferricyanide reaction, 
l^russian blue lixed 

6 ‘04 

o-8g 

0*92 
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The author remarks : ^ It is evident no one feature can be 
urged as a criterion in judging between the methods, but all 
must be taken into consideration. Such a comparison shows 
the superiority of the chlorination method.' 

The cellulose is not of the normal (cotton) type, since on 
treatment with sulphuric acid it dissolves with considerable 
discolouration, but only to the extent of about 80 per cent. 
The dissolved monoses converted into osazones were found to 
consist of hexoses only. The cellulose treated with caustic 
soda solution (5 p.ct, NaOH) in the cold yielded 20 p.ct. of 
its weight of soluble constituents, but as the residue yielded 
3*34 p.ct. furfural the attack of the alkali is by no means con- 
fined to the furfuroids. 

Animal Digestion of the Constituents of Bran.— 

Observations on a steer fed upon wheat bran only established 
the following percentage digestion of the several constituents: 


Soluble curbohyclratoH 

. 96*9 

vS Larch 

. , , TOO'O 

Free pentosaneK 

. , , O0’2 

CelluloRO , 

. 2^-8 

Ivignin complex ♦ 

. 367 

Proteicl . * 


Fiber extract 

* ^(273 

Nitrogen-free extract . 

, 76’o8 

Crude iibre 

, . . 32’2I 


JOURNAL OF THE IMPERIAL INSTITUTE 

(Research Department, Vols. 1-2, 1895-6). 

(p, 109) In this journal appear a series of notices of the 
results of analyses of .vegetable fibres by the method described 
in ‘ Report on Miscellaneous Fibres ' (Col Ind. Exhibition 
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RcporUs, ]). 36<S) [C. F. C'roHs], I'hoHc: inve.siigations < 
with the following sul)jocts : 

[Sy5. p, yy VurioiiK Imlum Fibres — more particularly vSicla. 

rcS (it) Fibres from Vicloriu; {b) Special Analysci 

(a) Samples of Jute; (<;) Paper-making Fi 

from S. Australia, 

I'^ibres ironi VicUjria, 

^87 Fibres from Victoria, 

jfiO Sisal from Trinidad. 

373 Rope-libres from Clrenada, 

(h) 31JH Report: olMCxperimenls on Indian Jute (t). 

'i 'iS \ 

) I'-ifth and Sixth Report on Australian Fibres. 

47:1/ ^ 

tHijO. 08 Hibiscus and Abroma Fibres. 

],o.j-5 Hibiscus, Urena, and Crotalaria Inbres, 
i,jT Indian Sisal. 

(r) i8i;-3 Report of J'ixperiments on Indian Jute (a). 

Sanseviera from Assam. 

From tlu) uhovo wo imiy draw tlui gt;nt;ral ('ooolusion t 
tlu! sclunno of invostigution ha.s been ibiintl io practice 
un.swcr itn niaiii i)ur[)o.s(r, vi/, to afford such luinutrical consta 
ii.s (ltderniino iudustrlal valucH. In illustnitioo we may c 
(a) tlui nrsulLs ol analystis of s[H:cially ,stdectt;d samples of jv 
from which it will he seen tliut there is a close concordat 
of vahu! as ordinarily determiiuid from ttxUtrnal ap|)earan 
with the chemical conslants us dettirmined in liie lalKmite 


Moistiiro . . . , 

Ash 

Alkaline hydrolysis (ip 

fi mins, hoiliiig 
Afkaline hydrolysis {h) 

fs) mins, boiling . . 

MiM’CtTising treatment 
Nitration (iner<*ase p.ct.) , 
Cellulose (yitjld) 

Acid juirifieation 
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A useful series of experiments, initiated by the Institute, is 
that noted under {b) and (c) above. 

(i) To ascertain the quality of the fibre extracted from the 
plant at different stage.s of growth, quantities of 400 lbs. of the 
stalks were cut at successive stages and the fibre isolated after 
steeping 14-20 days. The fibre was shipped to England and 
chemically investigated, with the following results ; 

No. I. Cut before appearance of innorescence, 

,, 2., ,, after budding, 

n 3. ,, in flower, 

„ *|. ,, after appearance of seed-pod. 

„ 5. ,, when fully matured. 


— 

0) 

(2) 

(3) 

( 4 ) 

(5) 

Moisture , , 



874 

TO'7 

10*0 

973 

AkIi .... 


I'l 

r'l 

T-T 

I’T 

O’QO 

Alkaline hydrolyHiH (a) . 


0*2 

«'5 

97 

8*g 

7’3 

>} >1 1 ^) • 


10*5 

JT’g 

ri'G 

12*0 

TX*2 

MurcciUvSing treatment , 


10*2 

10*7 

12 *0 

8' c 

1 1*0 

Nitration 


37 '^ 

32*1 


33 '3 

30-0 

CelluloHc 


74*0 

76*2 

7 ^ 1 * I 

74*8 

76*4 

Acid purification . 


0*8 

0*5 

0*7 

2*4 

i 

I*.{ 


It will be thus .seen that there are no changes of any 
essential kind in the chemical composition of the bast fibre 
throughout the life-history of the plant, confirming the con- 
clusion that the * incrustation ' view of lignification is consistent 
only with the structural features of the changes, and so far as 
it has assumed the gradual overlaying of a cellulose fibre 
with the lignone substance it is not in accordance with the 
facts. 

Examination of the samples from the point of view of textile 
quality showed a superiority of No. i in fineness, softness, and 
strength; from this stage there is observed a progressive 
deterioration, but the No. 4 sample (which was taken at the 
usual period of cutting) is superior to No, 5. 
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In a further series of experiments (c) the jute was subjects 
to certain chemical treatments immediately after the separatk 
of the fibre from the plant. These consisted in steepii 
(i) in solution of sodium carbonate, as well as of plant ashc 
and (2) in sulphite of soda, the purpose of the treatmen 
being to modify or arrest the changes which take place in tl 
fibre when press-packed in bales for shipment. The sampl 
were shipped from India under the usual conditions ai 
examined soon after arrival. It was found that the chemic 
treatments had produced but small changes in chemic 
composition of the fibre-substance. The sulphite Ireatme 
was the more marked in influence, somewhat lowering tl 
cellulose and nilratio]i constants. The conclusion drawn fro 
the results was that they afford no prospect of any usef 
modification, i.c, improvement of the textile quality of tl 
fibre by any chemical treatments such us could be applied 1 
the fitn'c on the spot before drying for press-packing ai: 
shipment. 

The other matters investigated in the Institute laboratm 
and reported on as indicated above are ratiier of commerci. 
significance, and contributed no points of moment to tl 
chemistry of cellulose. 


OBSERVATIONS ON SOME OF THE CHEMICAL 
SUBSTANCES IN THE TRUNKS OF TREES. 

F. H. SxoRER (Bull. Bussey Inst., 1897, 386). 

(p, 172) An examination of the outer and Inner wood an 
of the bark of the grey birch, at different season.s of th 
year, gave the following yields of furfural p.ct. on the dr 
substance : 


LignocelhUoses 


H3 



Wood 

Bark 


Inner 

Outer 

May 

21-3 

19*6 

167 

July 

10*6 

lS*8 

II‘4 

October .... 

i6’2 

i6‘3 

1 2 ‘3 


The paper contains the results of treating the woods and 
various vegetable products with hydrolysing agents in order of 
intensity : {a) Malt-cxtract at 6o°C., {//) boiling dilute HCl 
(i‘o p.ct. HCl), and {c) boiling dilute HCl (2*5 p.ct.). The 
residues were found to yield considerable proportions of furfural. 
The following numbers are typical : 



Birch 

Stones of 


Bark 

Wood 

Date 

Apricot 

Peach 

Action of malt extract calcu- 
lated as starch dissolved 

.{‘2.1 

3 ‘5 

5 -2 

1*5 


Residue boiled, t p.ct. HCl 
gave pentosanes dissolved , 
Residue yielded furfural . 

19*3 

17-8 

Mannan 

I17 

3‘d 

T.1'I 

9‘6 

67 

97 


The proportion of pentosanes (furfuroids) removed, i,e. 
hydrolysed by boiling with hydrochloric acid of 2 ‘5 p.ct. HCl, 
is shown by the following estimations of furfural : 


— 

Birch 

Sugar maple 

Apricot 

stones 

Bark 

Wood 

Outer 

wood 

Inner 

wood 

In original substance 

167 

ig'6 

18*2 

20*7 

i8‘4 

In residue from action of 2*3 






p.ct. HCl .... 

6-53 

8‘6 

4‘9 ■ 

6'4 

7‘0 


Wood Gum . — The paper contains some observations on 
the various methods of isolating this product. Attention is 
directed to the necessary impurity of the product, and to the 
fact that the numbers for furfural and for the xylose yielded 
by hydrolysis are considerably less than for a pure pentosane. 
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Estimailon of Cellniose . — The author invcfiLigalcd t' 
process of Lange and the ‘ celluloses ’ obtained from vario 
raw materials. The products from the wt'ods of birch ai 
maple contained furfural- yielding constituents, represented 
yields of 6-8 p.ct, furfural. Preference is given to tlie proct 
by comparison with others, at the same time that it is ] 
commended in all cases to examine the product for furfu 
quanlilatively, converting the numbers into pentosanc aixm 
lents, and subtracting from the total ^cellulose* to give t 
true cellulose, 

ZUR KENNTNISvS DER MUTTERSUBSl^ANZEN D] 
HOLZGUMMI, 

E. WiNTifiRSTKiN (Ztschr. Physiol. Chem,, 1892, 381). 

ON THE mOTHER SUBSTANCES OF WOOD-GUW. 

(p. 188) According to the text-books beeeli-wood m 
be regarded as the typical raw material for the preparation 
the laboratory product known as wood-gum. The author 1 
subjected beech-wood and beech-wood cellulose (Schu 
process) to a range of hydrolytic treatments, acid and alkalh 
in order to determine the conditions of selective action up 
the mother substance of the wood-gum. In the main 
appears that this group of furfuroids is ecpially resistant w 
the cellulose constituents of the wood; in fact, that t 
mother substance of wood-gum is a modified cellulose, a 
exists in the wood in chemical combination with the * 
crusting substances.’ 

Of the author’s experimental results the following may 
cited as typical : 

Yield of furfural 

Substance p.ct, 

Original beech-wood 13*8 

After boiling 3 hvfi. with 1*25 p.ct. IlgSO,^ (residue) . 10*1 
*> iJ M n 5'^ M M t) ♦ 5*S 
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yield of furfural 

Substance p.ct, 

Cellulose — isolated by Schulze process (yield 53 p.ct.) 6’g 

,, after further days’ digestion with the 

Schulze acid (HNOs + KClOj,) . . 5-9 

,, after extraction with 5 p.ct. NaOH in 

cold (residue) 5*0 

,, after second extraction with 5 p.ct. NaOH 

in cold (residue) . . . . . 4*4 


UEBER DIE FRAGE NACH DEM URSPRUNG 
UNGESATTIGER VERBINDUNGEN IN DER 
PFLANZE. 

C. F. Cross, E. J. Bevan, and C. Smith (Berl. Ber., 

1895, 1940). 

ON THE SOURCE OF THE UNSATURATED COMPOUNDS OP 
THE PLANT, 

(p. 179) In distilling for furfural by the usual methods of 
boiling cellulosic products with condensing acids, the furfural 
is accomjianied by volatile acids, also products of decomposi- 
tion of the cellulosic complex. A series of distillations was 
carried out with dilute sulphuric acids of varying concentra- 
tion from 10-50 liySO,, : 90-50 PlyO by weight, using barley 
straw a.s a typical cellulosic material. The distillates were 
collected in successive fractions, and the furfural and volatile 
acid determined. The results are given in the form of curves. 
The aggregate yields were as follows ; — 


Concentration of acid 


(HgSO.j|) p.ct, , * 

10 

15 

20 

30 

40 

■50 

Furfural yield p.ct. of 
straw 

3*0 

3'0 

T4 

10*1 

11*5 xi'o 

Volatile acid (calculated 
as acetic acid) p.ct. of 
straw 

X 7 

1*9 

3 'i 

4*3 

6‘3 

14*8 


With acids up to 20 p.ct. both products are formed 

concurrently and in nearly equal quantity. With the 30 p.ct. 

L 
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acid there is a great increase in the total furfural, and with 
40 p.ct. acid it reaches nearly the nuixiniurn obtainable 
liCl of 1*06 s.g, (Tollens), in this case 12*4 p.ct. The \ 
tile acid increases, but in less ratio ; it is also prodi 
concurrently. With 50 p.ct. H^SO^ the conditions are chan 
The total furfural is rapidly formed, whereas the volatile 
continues to be formed long after the aldehyde ceases to c 
over, Moreover, whereas in the previous cases it was 
acetic acid, it is now mainly formic acid. The method 
then extended to a typical series of celluloses, heated with 
more concentrated acid (40-50 p.ct. ligSO.J, with the folio' 
results : 




Volatile acid 



Acetic 

Form! 

Hw«(liKli liltei'-paper 


27 

17*2 

ICvSpario cellulose ", 


3*2 

xCrQ 

Bleaclicd cotton 

' trace 

3-1 

13*2 

Raw cotton (American) . 

— 

5‘0 

9’d 

Jute cellulose 

5‘a 

4'9 

227 

Beech (wood) cellulose . 

G‘4 

3*5 

Id '6 


The tendency in the hexoses and their polyanhydridc 
split off one carbon atom in the oxidised form, tlirows ^ 
light on the furfurane type of condensation, which is r( 
seated in the lignocelluloses. Wo are still without any evidc 
as t(j the possible transition of the hexoses to henzenoicl ( 
pounds. Such transitions would be more easily expluinc' 
the assumption that the celluloses are composed in par 
polyanhydrides of the ketoses. 

SPIRITUS AUS CELLULOSE UND HOT.Z. 

E, SiMONSKNT (Ztschr. angew. Chem., 1-898, 3), 

PRODUCTION OF ALCOHOL FROM CELLULOSE i 

WOOD- 

(pp. 50, 209) This investigation was undertaken with 
main object~to determine the optimum conditions of t 




Lignocelluloses 


147 


meat of wood-cellulose and of wood itself for conversion into 
'fermentable sugar.' The process of 'inversion' or hydro- 
lysis, by digestion with dilute acid at high temperature, involves 
the four main factors ; pressure (i.e. temperature), concentra- 
tion of acid, ratio of liquid to cellulose and duration of 
digestion. Each of these was varied in definite gradations, 
and the effect measured. The degree of action was measured 
in terms of ' reducing sugar,’ calculated from the results of 
estimation by Fehling solution, as ' glucose ' per cent, of 
original cellulose (or wood), 

{a) Celhdose, [Wood -cellulose obtained by bisulphite 
process.] — With a proportion of total liquid to cellulose of 
27 : I, and using sulphuric acid as the hydrolysing agent, the 
optimum results were obtained with acids of o‘45-o‘6o p.ct, 
(HgSO^) and pressures of 6-8 atm. The maximum yield of 
‘ sugar ' was 45 p.ct. of the cellulose. 

Under the above conditions the maximum of conversion is 
attained in 2 hours, 

Having now regard to the production of a solution of 
maximum conccnlrallon of dissolved solids, the following con- 
ditions were asertained to fulfil the requirement, and, in fact, 
may be regarded as the economic optimum ; 

Proportion of total liquid , . 6 times wL. of cellulose 

Concentration of acid , . . 0*5 p.ct, HgSOj 

Pressure 10 atm. 

Duration of digestion . , , 1*5 hour 

giving a yield of 41 p.ct. 'reducing sugar’ calculated to the 
original cellulose (dry). 

Alcoholic Mr me 7 ttat ion of Netiiralised Extract , — The liquors 
were found to ferment freely, and on distillation to yield a 
quantity of alcohol equal to 70 p.ct. of the theoretical — i.e. on 
the basis of the numbers for copper oxide reduction. 

[h) Hydrolytic ' Co 7 voersion ’ of Wood (Lignoccllulose ) . — 
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siiniliirly sysUMnaiic invesligaiiott carrit-tl out Uj)Oii pino siiwcli 
ostalilisluitl tlu‘ Ibllowiiig us optiimiin c(»iulilions : 

Pi‘()p<trtiun of Lotjil liquid . . t; uuu;s wl. of wood 

Conccutratioo of acid . . . (»*5 p.ct. HySO^ 

1 ^’fHsurt} t) uUn. 

Duration {)f dif;(,;Mtion , , * 15 niiiuUoH 

givini*’ u yiold of 20 [).oU ‘ nulucinjj; su[;;ur/ f’ulr.uluUal from l 
' I'^diliug ' tost. 

Fvrmenlathii of tin; luiutrulisod oxtruots guvt; vuriuhlo rosul 
I'hu higliost yiolds ohtaiuod wuro 60 }).cl. of (ho thoonitio; 
tho author linally iiouoluding that under properly oontroll 
ooiulitions of inversion and ronnentation too kg. wood yk 
6‘5 1. al)solute akohol 

UilKR DIIC URSACIIIC DER VON HIM;0 NvS. 1<; 
IliCOllACirRhyriCN UNVOLLSd’ANDUHCKri' 1)E 
YiCROAHRUNci DjcR Aus JioLz uKRicrriyri!: 
zu(:K]o^i.a.ussK;KErrER 

B. 'I'orj.KNs (Zls<du\ angow. ('hein,, i8c)8, 15). 

ON THE CAUSE OF I NCOWIPLETE FERIVIENTATION C 
SUGARS OBTAINED BY ACID HYDROLYSIS OF WOOD 

'I'he author oriticises Siinonstni’s eX[)lanation o{ the ntsu 
obtained with extra(as from pine wood, The ineonipleleiu 
of fenuisuation of the produels is eerlainly diut in i)art 
tlie ]>reHene(} of lurfural-yielding earbohydrates, whiidi v 
resistant to yt.‘ast. 'I'ho [)ine woods eontuin H-io p.et. 
these (constituents in their anhydride (brin (‘ pentosanes 
Thtsy yield readily to aeitl liydroiysis, and tarrtainly oonstiti 
a eonsiderable pert‘enLag(] of the dissolved [^rodiuas. 
similar complex was obtained by the author in his invesli^ 
tions of peat (Berl Her. 30, 2571), and was found to be simila 
incompletely attacked l)y yeast, The yields of alcohol con 
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spondee! with the proportion of the total carbohydrates dis- 
ai)pearing. These were the hexose constituents of the 
hydrolysed complex, the pentoses (or ‘ furfur oids ’) surviving 
intact. 


UEBER iSULFlTCELLULOSEABLAUGE. 

H. Skidkl (Ztschr, angew, Chem., 1900 ), 

WASTE LIQUORS FROM BISULPHITE PROCESS- 

(p. 2 fo) Jxiter researches confirm the conclusion that in 
the solulile by-products of these cellulose processes the S is 
combined as a SO|jIi group. The following analyses of the 
isolated lignin sulphonic acid arc cited ; 



c 

1 H 

s 

(rr) Lindwyand 'rollons , 

50’! 2 

5*30 1 

5 '65 

{h) Seidel . . (i) j 

56*27 

5’«7 1 

5'Sa 

(fi Seidel and Ilanak (2) 

53’fio 

5 '^'*2 

S’ 80 

(^/) Street 

5(J*22 

5‘^H ; 

7'07 

The variations arc due to the varying conditions of the diges- 


tion of the wood and to corresponding degrees of sulphonation of 
tlio original Hgnono group. Calculating the composition of the 
latter from the above numbers on the assumption that the 
S represents SOj,H, the following figures result : 


— 

(e) niic! (?') 

(0 

ui) 

c . . . . 

6^(,*oo 

65 'i 

59-61 

II ... . 

6*65 

6'33 

6'6g 


'rhis author considers that beyond the empirical facts 
established by the above named ^ very little is yet known in 
regard to the constitution of the Hgnone complex. 

^ See more particularly: Ivhidaey and Tollens, Annalen, 267, 3^1; 
Cross and Bevan’a Cellulose^ pp. 197-203 ; Street, Inaiig.-Diss., Gdttingen, 
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Ntjr is lh(!rc any salisfaclory a()[)lu!ation of this by-proclu 
U'J yvl (‘volvt'tl. ICvapomtion and (*01111)11811011 involve lav] 
losst's orsnliihur |I).RJ\ Hisdtd and liana 

Milt/Pfclin, (Jew. Mns. A luon^ ('onipU^te ia*g(jner 

lion of the sulphur lias hoen the Huhj<;eL of a .series of paten 
|I).R,P. 6p,Ku2, 7'^i.^o6, 81,338], hut the pn 

t*ess(^s are Ineriieient through negleet of the aetual state 
eunihination of the H, vi/.. as an organie sul[)honate. Tl 
proeisss of V. n, Drewson (D.R.P. 67,tStS()) (SJiisists in heatii 
with lime uiult‘r pressure, yielding ealeium nionusul[)hile (wi 
sulphate and the lignone eomplex in insoluble Ibrin). T 1 
sul[)liile is nulissolved as bisulphite by treatment wi 
Hul()luirous arid, This proitess i.s ridatmdy (.:o,stly, and yiel 
necessarily an impure lye. it has becni proposed to (‘mpl< 
the j>rodu(‘t as a roodstufr both in its original fonn and in tl 
forin of ben/oale (D.R.P, 07,935); unsuitability 

obvious from its composition. A metliod of destructive d 
tillation has bt‘t‘ii patented (I),R,P. .i5,(;5i). ddie author h 
investigated the jiroeess, and limls that the yield of usef 
[)mk1u(‘Ls is nuu’h too low for its (iconomical devtdopuus 
loision with alkaline liydrutes for tlie iirodnclion of oxa 
m*id (D.R.I*. 5.u.joi) is also <‘X(‘liuled by the low yield of I 
prodiU’t, 

'Pile a|ipIi(‘aiion of the liijuor lor tanning purp<’^ 
(U.R, P, 7^,161) appears [iromising from the fac't iluil 2tS p. 
of thtt dry residue is rt‘moved by digitstion with bide powd' 
'Phis a[)pli(*ution has been exnmsively investigated, but witlu 
[muuii al sue(aiss» Various [aobable uses are suggested by t 
viscosity of tlu^ (waporated t^xlraet. As a substiliUe for gl 
in joinery work, bookbinding, tV(*., it has ])rovi*d of lilllit vali 
It is applied to some extent as a binding maUu’ial in t 

tSou; KiiiHun, < 1 , Clirnh yfu ; Sddtd utul Ilani 

</, Tn hn, (tav, Mus, tHtjy oHyH. 
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manufacture of briquettes, also as a substitute for gelatin in 
the petroleum industry. Cross and Bevan (E.P. 1548 / 1883) 
and Mitscherlich (D.R.P, 93,944 and 93,945) precipitate a 
compound of the lignone complex and gelatin by adding a 
solution of the latter to the liquors, The compound is re- 
dissolved in weak alkaline solutions and employed in this 
form for engine-sizing papers. Ekman has patented a process 
(D.R.P. 81,643) for * salting out^ the lignone sulphonates, the 
product being resoluble in water and the solution having some 
of the pr()])erties of a solution of dextrin. Owing to its active 
chemical jn'operties this product — * dextron * — has a limited 
capability of substituting dextrin. The suggestion to employ 
the evaporated extract as a reducing agent in indigo dyeing 
and printing has also proved unfruitful The author’s applica- 
tion of the soda salt of the lignone sulphonic acid as a re- 
ducing agent in chrome-mordanting wool and woollen goods 
(D.R.P. 99,682) is more successful in practice, and its 
industrial development shows satisfactory progress. The 
product is known as ‘ lignorosin.’ 


UNTERSUCHUNGEN tJBER PECTINSTOFFE, 

R, w. Tromp dtc liAAS and B. Tollens (Lieb. Ann., 
286, 278). 

tJimi DIE CONSTITUTION DER PECTINSTOFFE. 
B. Tollens {Md. 292). 

INVESTIGATIONS OF PECTINS, 

(p. 216) It is generally held that tlie pectins are, or contain, 
oxidised derivatives of the carbohydrates. The authors have 
isolated and analysed a series of these products, and the 
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of soluble lignocelliilose. The ‘ pectic ’ group consequently 
must be extended to include hydrated and soluble forms of 
the mixed complex of condensed and unsalurated groups 
with normal carbohydrates, such as constitute the fibrous 
lignocolluloses. 

UKIiliR DAS PFLANZLICHE AMYLOID. 

IC. WiNTJCR.sTioiN (Ztschr. Physiol. Chem., 1892, 353). 

ON VEGETABLE AMYLOID. 

(p.224) A group of constituents of many seeds, dis- 
tinguished by giving slimy or ropy ‘ solutions ’ under the 
action of boiling water are designated ‘amyloid.’ They are 
re.serve materials, and in this, as in the phy.sical properties of 
their ‘solutions,’ they are very similar to .starch. They are, 
iiowover, not affected by diastase; and generally arc more 
resistant to hydrolysis. 'Pypical amyloids have been isolated 
by the author from seeds of Tropmlnm majus, Pmonia 
officinal h, and Impaticns Baismnina, The raw material was 
rarcfully purified l)y exhaustive treatment with ether and 
alcohol, &c. ; the amyloid then extracted by boiling with 
water, and isolated by precipitation with alcohol. Elementary 
analy.sis gave the numbers C 43'2, li 6'i. On boiling with 
i'2 p.ct, HClit gave 15 ’3 p.ct. furfural; oxidised with nitric 
add it yielded io'4 p.ct. mucic acid. Specimens from the two 
fir, St-named raw materials gave almost identical numbers. 

Jlydrolysis.—Qn boiling with dilute acids these products 
tire gradually broken down, dissolving without residue. In 
this' reHitect they ate differentiated from the mucilages, 
whidi give a rc.sidue of cellulose (insoluble). From the solu- 
tion the author isolated crystalline galactose, but failed to 
isolate a pentose. Dextrose was also not identified directly. 

'I'Ih! tissue residues left after extracting the amyloid con- 
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CARBOHYDRATE CONSTITUENTS OF PEAT* 
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From the peat of lower depths no cellulose could be 
obtained. 

Hydrolysis (acid). — On heating with i p.ct. H^SO^ at 
‘Soluble carbohydrates tvere obtained, amongst 
which mannose was identified, and galactose shown to be 
present in some quantity. After fermenting away the hexoses, 
the residue was treated with phenylhydrazine and an osazone 
se])arated. It contained i7’3 p.ct. N, but melted at 130°. 
The .sub.stancc could not be identified as an osazone of any of 
the yet known pentose.s. 


The Industrial Uses of Cellulose. 

C. F. Ckoss (Cantor Lectures, Soe, of Arts, 1897). 

(p, 273) A series of three lectures, in which the more im- 
[lortant industries in cellulose and its derivatives are dealt with 
on their scientific foundations, and by means of a selection of 
typical iiroldcms, In reference to textiles, the small number 
of vegetable fibres actually available, out of the endless variety 
afforded by the plant world, is referred to the number of con- 
ditions required to be fulfilled by the individual fibre, thus : 
yield per cent, of harve.sted weight or per unit of field area, 
case of extraction, the absolute dimensions of the spinning 
unit, and the proportion of variation from the mean dimen- 
sions ; the relative facility with which the unit fibre can be 
isolated preparatory to the final twisting operation; the 
chemical constants of the fibre substance, especially the 
percentage of cellulose and degree of resistance to hydro- 
lysis. It is suggested that any important addition to the very 
limited number fulfilling the conditions, or any great improve- 
ment in these, can only result from very elaborate artificial 
selection and cultural developments on this basis. 
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The paper making filires are shown to hill into a scheme 
of ckiHsificalion based on chemical constitution, and consisting 
of the four groups : {(i) (k)ttoji [llax, hemt), rhea], (/>) wood 
celluloses, (c) esi)arlo, straw, and {d) lignocclluloses. Tapers 
being exposed to the Jiatural disintegrating agencies, more 
especially oxygen, water (and hydrolysing agents generally), 
and micro-organisms, thenikitive resistanc'e of the above groups 
of raw materials is discussed as an imt)()rtant (xmclition of 
value. The indirect influence of the ordinary sizing and 
* filling ' materials is discussed^ The paper-making ([uality of 
the niiroiis raw materials is also discussed, not merely from 
the point of view of the form and dimensions of the ultimate 
fibres, hut their capacity for ‘colloidal hydration.’ This is 
(X)mi)leuK:ntary to the ataion of rosin, i*e. resin acids, in the 
caigine-sizing of ])apers; and the proof of the potency of this 
factor is seen in the sutierior effects obtained in sizing jointly 
with solutions of cxdlulose and, more particularly, viscose and 
rosin. Wurster's luucdvclted monograph of the subject of 
rosin-sizing [‘ Lo Ck)lkige des Tapiers,* ihill. Mulhouse, rHyHJ 
neglects to take into coiisideraliop the contribution of the 
cellulose hydrates to thti total and comt)Iex sizing (jffecL, and 
hence gives a partial view only of the function of the resin 
acids. 

In furlher illustration of fundanusUal princnples various 
developments in the textile industries are dist!u,ssed, e.g. the 
bleaching of jutt^ cotton, and llax, and special deveIot)ments in 
the spinning of rhea and flax. 

The concluding lecture deals with kites' progress in the 
industrial applications (jf cellulose; derivatives, chiefly the 
sulpho-carbonate (viscose) ; the Jiitrutes, in their applications 
to explosives, on the one hand, and the stunning of artificial 
fibres (lustraccllulose), on the other; and the ce]hi)o.se 
acetates, 


